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ABSTRACT 
Access to clean drinking water is essential for survival of humanity and the earth. With 
the global population approaching eight billion (Population Reference Bureau, 2018), protecting 
the availability of clean drinking water is becoming increasingly important to sustain the 
growing number of people on the planet. Unfortunately, many places in the world are 
experiencing drinking water shortages due to overconsumption and contamination of freshwater 
resources (Gleeson & Richter, 2017; Richey et al., 2015). Global changes in climate are also 
serving to reduce even further the availability of clean water and many parts of the globe are 
already struggling with freshwater supply (Weber et al., 2017; Veldkamp et al., 2016). While 
access to clean water remains a global concern, there are select places on the planet where there 
appears to be a sufficient supply. Southern Ontario is one such location where there appears to be 
an abundance of freshwater.  
Streams, rivers, lakes, and groundwater serve as sources of drinking water, and are 
collectively referred to as “source water” (Emerson & Jesperson, 1998). Source water protection 
under the Ontario Clean Water Act, 2006 emerged after a fatal outbreak of Escherichia coli (E. 
coli) in 2000 into the drinking water system in Walkerton, Ontario. Following that incident, new 
provincial policies were implemented to protect raw drinking water at source (Ministry of the 
Environment and Climate Change, 2014).        
Ontario is experiencing the same threats to its drinking water supplies as the rest of the 
world; that is, contamination and overconsumption (Bruce et al., 2017; Anderson et al., 2016), in 
addition to the effects of climate change (McDermid et al., 2015). Contamination originates 
largely from industrial activities, but also from wastewater treatment plants, which do not have 
the ability to treat contaminants such as micro-plastics that are present in consumable products 
(Pivokonsky et al., 2018; Baldwin et al., 2016). Bottled water companies are permitted to 
withdraw more water than can be replenished by natural processes, which can deplete water 
resources (Bruce et al., 2017; Griswold, 2017). Additionally, reductions in government funding 
to provincial environmental agencies, federal contaminated sites and rapid urban expansion in 
the Greater Toronto Area, contaminated soil dumping in the Oak Ridges Moraine, the Canadian 
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‘myth of water abundance,’ water contamination on First Nations reserves, and Bill 108, all 
represent a threat to the sustainability and management of freshwater resources in southern 
Ontario.  
Despite the issues prevalent for freshwater resources in the world, the general consensus 
amongst Ontarians is that there is an abundance of clean drinking water in the province (Warren, 
2016; Schindler, 2006). However, Ontarians do not understand that, without immediate changes 
to source water protection, southern Ontario may find itself in the same dire situation as the rest 
of the planet.  
This paper will examine the current state of the world’s freshwater resources to supply 
potable water, the status of southern Ontario’s freshwater resources, and the actions and policy 
changes that are required to protect the availability of clean drinking water to support the needs 
of future generations of Ontarians.  
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FOREWORD 
It is easy for many of us in countries that are blessed with lots of freshwater to take water 
for granted. This is particularly the case in southern Ontario, where we can turn on the tap and 
have immediate access to water. We assume that it will always be there because that has been the 
case for generations before us, and we have no information or awareness to suggest otherwise. 
Neither the government nor the media has raised any concerns about the future of southern 
Ontario’s freshwater resources, and much of the population has likely forgotten that access to 
freshwater is essential for life. Ontarians are not being told the truth about the state of freshwater 
resources in the province, and the province appears not to be taking action to ensure a long-term 
sustainable supply.     
Much of the rest of the world is already struggling with access to freshwater. In some of 
these areas, lakes and rivers are diverted and/or filled to make room for expanding cities. 
Groundwater levels are falling as industries and bottled water companies withdraw more water 
than can be replenished by nature, and what little freshwater remains is being contaminated by 
agriculture, industry and resource mismanagement. The people in these countries know first-
hand what it is like not to have access to freshwater.         
Global climate change is complicating the management of freshwater supplies because 
less is becoming available due to less rain (in some areas) and high rates of evapotranspiration 
(in others). Climate change is a significant problem for countries already experiencing scarcity of 
freshwater resources. Without freshwater, the ability to continue growing the population will be 
affected. For areas with a currently sufficient supply of freshwater, such as southern Ontario, the 
impacts of climate change may be perceived to be much less. However, that largely depends on 
how the freshwater resources are being managed. Given Ontario’s lack of awareness and 
management of this important resource, climate change will likely play a much more significant 
role than it should.  
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This Major Paper is a culmination of my Area of Concentration set out in my Plan of 
Study, which includes natural resource management, conservation biology and climate change. 
The intention behind these components and my learning objectives was to gain a thorough 
understanding of the theory and practice of environmental management as it relates to sustaining 
human and ecological systems. Although there are so many environmental challenges around the 
world worth exploring, I decided to focus my paper on clean drinking water because it is a 
resource that is essential to life, it is limited in nature, and its quality and availability are rapidly 
declining in many regions around the world. Specific to southern Ontario, my interest is rooted 
in how we take this resource for granted, how it is being contaminated, and how bottled water 
companies are permitted to take this resource at unsustainable rates; all with the approval of our 
provincial government. Specifics will be discussed within this paper. 
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“Water is always on the move in the hydrologic cycle. It is the very foundation for all biological 
life on Earth, and the basic link between the biosphere and the anthroposphere” 
Malin Falkenmark & Johan Rockstrom, 2004, 3 
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1.0 INTRODUCTION 
1.1 Context and Report Format  
Access to clean drinking water is critical for mankind’s survival and one of the basic 
human needs as outlined by psychologist, Abraham Maslow, in his famous 1943 paper, A Theory 
of Human Motivation (Webber, 2016). Today, issues of global freshwater scarcity are mounting 
with growing global populations, increasing agriculture, industrial and economic development, 
increased demand for natural resources, mismanagement of water resources (e.g., contamination 
and over-taking) and climate instability, which are all impacting our ability to manage freshwater 
resources globally.         
The current literature confirms that managing freshwater is a major challenge and one of 
humanity’s foremost priorities (Comte & Olden, 2017; Jakeman et al., 2016). Surface water 
resources are assumed to be more relevant to manage than groundwater, which is hidden beneath 
the ground. However, Jakeman et al. (2016) report that “groundwater represents over 90 percent 
of the readily available freshwater on Earth but remains a minor player in water resources 
management” (4). This suggests that many areas of the globe might be focusing on freshwater 
management in the wrong area.         
Recent studies suggest that declining quality and quantity of surface and groundwater in 
the developed world cannot support the demands of agriculture, industry, urban growth, and 
ecosystem functions (Weber et al., 2017; Jakeman et al., 2016, 3). In some areas, the scarcity of 
clean water fails to meet even the most basic and essential needs of humanity (Weber et al., 
2017; Postel, 2014). This is assumed to worsen with the demands of increasing populations. 
In a time where multi-national companies own and control municipal water supplies 
(Bruce et al., 2017), where lakes, rivers and wetlands are disappearing (Verhoeven & Setter, 
2009), where millions of people contract waterborne diseases every year (Postel, 2014), where 
contamination and over-taking of freshwater resources is diminishing the global water supply 
(Gleeson & Richter, 2017), and where access to clean freshwater is becoming less available 
every year (Veldkamp et al., 2016), the need to manage our water resources has never been more 
pressing.  
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Protecting water at its source is a logical first step in ensuring drinking water safety. The 
World Health Organization (WHO) has claimed that source water protection is “invariably the 
best method of ensuring safe drinking water and is to be preferred to treating a contaminated 
water supply to render it suitable for consumption” (WHO, 1993).      
This paper defines source water protection, why it is important, and some possible 
considerations on how it can be improved and expanded in the Province of Ontario. Emphasis is 
placed on the reasons behind emerging global freshwater scarcity, and how southern Ontario, 
currently blessed with large quantities of freshwater, might experience the plight of the rest of 
the world unless action is taken. 
This paper opens with the specific research objective and question and outlines the 
research design and methodology. Second is a technical overview on freshwater, which includes 
a definition, its characteristics (i.e., ecosystem services, surface and groundwater interactions), 
and its overall volume and accessibility. Third is a review of case studies that represent, by 
example, the global depletion of freshwater resources. The case of Walkerton, Ontario and its 
“next generation” influence on water resource management is also reviewed. Fourth, current 
legislation protecting source water in Ontario is reviewed, with context on whether there is 
sufficient protection of freshwater resources in the province. Fifth, this paper provides insight 
into how the current global freshwater shortage crisis can serve as a valuable case study for 
southern Ontario. Lastly, recommendations are offered to improve the management of source 
water protection in southern Ontario to ensure that future Ontarians have access to the same 
resource as generations before them. 
1.2 Research Objective and Question 
The overarching objective of this research is to identify gaps in the literature or in current 
practice regarding issues that may potentially impact the quality and availability of source waters 
(i.e., surface and groundwater) within southern Ontario, and to explore the contemporary 
challenges facing sustainable water use in the province.  
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Research Question  
Is there appropriate protection and sustainable management of clean drinking water 
resources in southern Ontario, and what changes (if any) need to be made to address risks of 
impacts from contamination, over-use, and/or climate change? 
1.3 Research Design and Methodology 
 
Through various courses I have engaged with at the graduate level, I have been able to 
expand my understanding of the theoretical and contextual frameworks that have made this area 
of research relevant. My Plan of Study exemplifies the diversity of scholars I have studied, that 
have deepened my understanding of the role that economic, environmental, political and 
ecological factors play in resource management to preserve a future for generations to come. I 
critically engage with the concepts I have been exposed to through Natural Resource 
Management, Environmental Impact Assessment, Biological Conservation, Disasters: Concepts 
and Causes, Climate Change: Science and Policy, and Environmental Economics; courses that I 
took in the first two terms of the MES program. I also apply concepts and practices that I 
explored in my summer and fall term field experiences in the field of environmental assessment. 
Through these field experiences I was able to experience first-hand how impacted soil and 
groundwater affect the quality of freshwater supplies.       
My studies have prepared me to consider the design of my research with a more ethical 
approach. In addition to human systems, I intend to consider ecological and generational factors 
to establish an approach of sustainable development. To achieve an in-depth understanding of 
specific issues or concerns that might exist around source water management in southern 
Ontario, I collect different forms of qualitative data. This includes semi-structured interviews via 
email or telephone (depending on the participant’s availability and preference), open-ended 
survey questions, case study research (analysis of past cases, understanding the data collection 
methods and inferring the data), a review of primary legal documents, a secondary literature 
review, a review of government documents, media reports, and an application of analytical 
methods.          
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Semi-structured interviews are described by Lioness (2008) as a qualitative data 
collection strategy wherein the researcher (myself) asks interviewees a series of fixed but open-
ended questions (1). I created an open-ended survey for participants (see Appendices), which, 
according to Roberts et al. (2014) and their article, Structural Topic Models for Open-Ended 
Survey Responses, allows respondents the freedom to express their own views about a topic, 
which provides the researcher (myself) with exploratory data that may reveal unexpected issues, 
opportunities, or quotes (ibid).  
Participants were interviewed via email and telephone, and the interviews ranged from 
approximately thirty minutes to one hour in length. This approach to my research required 
organizational staff, private organizations, government operatives, and myself, to work equitably 
together through the research process. Working ‘equitably’ also means sharing the research upon 
completion (Tuck, 2009). I have conducted interviews with organizational staff and project 
managers in government (i.e., Toronto and Region Conservation Authority and the Ontario 
Ministry of the Environment, Conservation and Parks), and interviews with members of a private 
environmental consultancy (i.e., a senior field technician and the President and Chief Executive 
Officer). The diversity of interviews in government and private institutions is pivotal in gaining 
an understanding on the current and emerging threats to southern Ontario’s supply of freshwater. 
Participant selection was based on contacts that I made through my 2018 field experiences, 
through referrals, and through google searches of government agencies that are related to source 
water protection in southern Ontario.   
Emails were sent out to various professionals in the field to ask if they would be willing 
to participate in the research. There are a few that did not respond to the interview request; 
namely, Ontario Nature (non-governmental organization), Ontario Watersheds (non-
governmental organization), Environmental Defence (non-governmental organization), Nestlé 
Canada, and the Ministry of Natural Resources and Forestry.      
The data from telephone interview sessions is stored as audio recordings, which is safely 
stored on a hard drive and on my personal computer. The data received through email responses 
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is also saved and stored on my personal computer and external hard drive. No names are used 
throughout the duration of my research unless direct consent was provided.  
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 6 
 
 
 
Andrew Watters  
York University July 2019 
2.0 TECHNICAL BACKGROUND 
This section of the paper will review the critical points of current knowledge on 
freshwater and its relevance to human and ecosystem survival. The ultimate goal is to bring the 
reader up to date with the current literature relevant to the topic and to provide justification for 
further research in this area.      
2.1 Freshwater as a Renewable and Non-Renewable Natural Resource 
 
Natural resources have long been recognized for their essential role in ensuring human 
survival, and in supporting biological functions of the environment (Brown & Wolk, 2000, 3). 
Natural resources have been classified as renewable (e.g., solar energy, trees, soil nutrients and 
surface water) and non-renewable (e.g., fossil fuels, copper, gold, aluminum, and many other 
minerals and gems) (Wellmer & Sinding-Larsen, 2010; Farley, 2008). Freshwater demonstrates 
characteristics of both renewable and non-renewable resources. Freshwater is considered by the 
literature as a largely “renewable” resource (Addink & Addink, 2008). However, there are fixed 
stocks of water resources that are being withdrawn at rates that exceed natural rates of renewal. 
Most of these resources are groundwater aquifers; resources that are non-renewable and are often 
referred to as “fossil” aquifers because of their slow rates of recharge (Gleick & Palaniappan, 
2010). The focus of this paper is on freshwater as a renewable resource; but groundwater, on a 
human timescale, is effectively non-renewable and can therefore be considered exhaustible.  
Recent studies suggest that global freshwater resources are rapidly declining due to 
climate change and other human pressures on water resources (Comte & Olden, 2017; Jakeman 
et al., 2016; Veldkamp et al., 2016). It is important to consider that just because a particular 
water resource may be ‘renewable,’ this does not mean that it is ‘unlimited’. The sections below 
outline the physiological significance of freshwater systems.  
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2.2 Freshwater Requirements for Humans, Ecosystem Services and Sustainability 
 
Human interactions with freshwater most often involve accessing fresh streams, rivers, 
marshes, lakes, and groundwater aquifers (Dodds, 2002). Humans and ecosystems depend on this 
water and require an abundance of freshwater to live. Accordingly, we rely heavily on this 
increasingly rare commodity.  
Water is a remarkable substance with its inherent makeup of two hydrogen atoms bonded 
to a single oxygen atom; forming its chemical composition, H2O. The reason scientists are 
looking for water on other planets is specifically rooted in its ability to sustain life. Water in its 
liquid form, however, is particularly valuable and it appears to be exclusive to Earth. This is 
because liquid water is scarce, and liquid water on a planet’s surface is even scarcer because it 
only occurs in a narrow range of temperatures and pressure (Ball, 2007). Earth is one such planet 
that is fortunate to have liquid water on its surface; thus, creating life as we know it. Falkenmark 
& Rockstrom (2004) stress that “we should always be alert to the central role that water plays in 
the rich diversity of biological processes” (4). 
Freshwater is defined by Petersen et al. (2019) as “water containing less than 500 ppm 
[parts per million] of dissolved salts” and constitutes only 2.5 percent of the total water on the 
earth; mostly stored in ice caps, in surface water, in soil and in groundwater reservoirs (1). 
Studies have quantified the water molecule as intrinsically significant to life on Earth, and its 
properties are considered “fixed” and “irreplaceable” in nature (Loucks & van Beek, 2017, 2; 
Brown & Wolk, 2000). Accordingly, if humans exhaust the resource by extracting more than can 
be replenished by nature, or by contamination and resource mismanagement, the consequences to 
all living organisms on Earth is likely to be significant.      
For millennia, water resource systems have benefitted both people and their economies. 
Surface and groundwater are a source of water supply for municipal, industrial and agricultural 
consumers, and rivers provide hydroelectric power generation and inexpensive ways of shipping 
cargo (Weber et al., 2017; Swain, 2016). Humans rely heavily on freshwater for daily living and 
continued economic growth and prosperity, but it is also a source of water for wildlife and their 
habitats. Accounting for less than one percent of the world’s water and approximately 0.8 
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percent of Earth’s surface, this small fraction of global freshwater supports “100,000 species out 
of approximately 1.8 million (almost 6 percent of all described species)” (Dudgeon et al., 2005, 
163). However, the International Union for Conservation of Nature (IUCN) and their Red List of 
Threatened Species (a globally recognized tool for assessing the risk of species extinction) found 
that of the freshwater species comprehensively assessed through the Red List, about “one-third 
are under immediate threat of extinction” (IUCN, 2017).   
Freshwater ecosystems, the foundation for human sustenance, economic growth, 
freshwater biodiversity, and its associated ecosystem integrity, are increasingly threatened. It 
becomes ever more important to address the source of these threats to protect the well-being of 
humans and ecosystems for both present and future generations. Accordingly, many freshwater 
systems are threatened by water withdrawals and man-made reservoirs, over-exploitation, water 
pollution, habitat destruction/degradation, invasion by exotic species, and climate change 
(Veldkamp et al., 2016; Gosling & Arnell, 2013; Doll & Zhang, 2010). Such human pressures on 
water resources are growing in scale across the world, and it is imperative that we competently 
protect water at its source to preserve water resources for future use. 
2.3 Ecosystem Services 
 
Humans have managed their environments for millennia; altering landscapes in the 
pursuit of agriculture, civilization, and well-being. Human land use change has intensified over 
the past few centuries. Marked by the Industrial Revolution and the growth of the twentieth 
century, it quickly became clear that our growth pattern was desolating the environment at local, 
national, and global scales (McLamb, 2013; Farber et al., 2002). It also became clear that human-
induced impacts on the environment are often “co-occurring and cumulative,” and that 
anthropogenic activities pose serious risks to ecosystem services (Singh, 2016). As a result, 
trends have recently shifted towards protecting ecosystems and the services they provide on 
greater natural scales. This is particularly true at the watershed level.  
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Advances in research have brought the significance of ecological preservation into 
economic terms to help better understand its value. For example, in 1997, Robert Costanza et al. 
evaluated the world’s ecosystems in terms of the essential services they provide (such as clean 
air, water purification, flood control and carbon sequestration), and attached an economic value 
of $33 trillion (USD) per year (Costanza et al., 1997, 259). In 2014, Costanza et al. provided an 
updated estimate based on updated ecosystem service values and land use change estimates 
between 1997 and 2011. The study estimated that the global ecosystem services in 2011 was 
worth $125 trillion (USD) per year, with an estimated loss of ecosystem services in this time due 
to land use change and other human pressures to be upward of $20 trillion (USD) annually 
(Costanza et al., 2014).  
Ecosystem services (see Figure 1) are the benefits that human society obtains from 
ecosystems. When grouped into four categories, ecosystem services include provisioning 
(products that are derived from ecosystems such as food, clean water, fuels, medicines, etc.), 
regulating (ecosystems contributing to the overall stability of natural systems such as climate, 
water purification, and carbon sequestration), cultural (intangible benefits such as spiritual 
development, aesthetic, reflective, etc.), and supporting (soil formation, habitat, biodiversity, 
nutrient cycling, etc.) (Adamowicz & Olewiler, 2016; Austen et al., 2015). It is commonly 
accepted among the literature that the amount and delivery of ecosystem services is largely based 
on the efficiency of ecosystem functions; that is, the physical and biological processes that 
contribute to an ecosystem maintaining itself (e.g., wildlife habitats and carbon cycling) (Austen 
et al., 2015; Schröter et al., 2014). It is also commonly accepted that freshwater vitally supports 
the efficiency and delivery of ecosystem services, in addition to preserving natural ecosystem 
integrity and long-term ecosystem sustainability of freshwater environments (Adamowicz & 
Olewiler, 2016; Austen et al., 2015; Schröter et al., 2014).       
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Figure 1: Ecosystem Services and their Human and Ecological Benefits (Source: The Nature 
Conservancy, 2019) 
Assigning a monetary value to ecosystems remains highly controversial amongst 
researchers; however, the controversy itself is beyond the scope of this paper. For the purposes 
of this research, ecosystem valuation is viewed by many researchers as an economic tool that 
humans can use to better understand the inputs and outputs of water through the hydrologic 
cycle; which in turn can be beneficial by raising awareness and conveying the importance of 
ecosystems and biodiversity to policy makers (Austen et al., 2015; Groot et al., 2012). Since the 
publication of Costanza et al.’s initial global valuation of ecosystem services, similar 
methodologies have been applied by other scholars. For example, a 2012 study published in the 
Journal of Marine and Freshwater Research found that global wetland ecosystem services are 
worth the equivalent of over $47 trillion (USD) per year (Groot et al., 2012, 50). The study also 
concludes that biodiversity and its associated ecosystem services “can no longer be treated as 
inexhaustible and free goods” (Groot et al., 2012, 51). 
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Specific to southern Ontario, it is estimated that the Greenbelt (see Figure 2) provides 
$2.6 billion (CAD) per year in ecosystem services, with the value of watersheds alone at over $1 
billion (CAD) annually, and an equivalent of $131 million (CAD) per year in natural water 
filtration services (Molnar et al., 2012, 5). The Greenbelt was created to permanently protect 
environmentally sensitive areas in southern Ontario, and encompasses the Oak Ridges Moraine, 
the Niagara Escarpment, and Rouge Park. The Greenbelt also intersects four major watersheds 
and protects the habitats within them, in addition to the streams and groundwater reserves 
(Molnar et al., 2012).  
It is estimated that more than three-quarters of Ontario’s watersheds have been lost to 
agriculture, urban development, and land clearance and filling; and significant declines in 
ecosystem services from the declining watersheds have already impacted the southwestern 
Ontario region (Westcott, 2018a; Postel & Thompson, 2005). Forest cover has also diminished in 
the province, and old growth forest accounts for “less than 0.1 percent” of the land in southern 
Ontario (Molnar et al., 2012, 14).      
As urban, industrial, residential, and agricultural areas develop and expand, it has become 
increasingly important to protect ecosystems and their delivery of ecosystem services; however, 
paradoxically, they become more compromised as changes in land use disrupt and interfere with 
the functioning of ecosystems, subsequently affecting ecosystem integrity and the delivery of 
ecosystem services (see Section 5.3 for details).  
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 12 
 
 
 
Andrew Watters  
York University July 2019 
 
Figure 2: Ontario’s Greenbelt (in green) and built-up areas (in grey) (Source: Ontario Ministry 
of Municipal Affairs and Housing (MAH), 2006) 
2.4 Watershed Contributions to Source Waters  
 
Surface water, groundwater, humans, and ecosystems are all interconnected in ways that 
require an “integrated approach” to sustainable use and management of freshwater resources 
(Fienen & Arshad, 2016). This is particularly true at the watershed level. In comparison with the 
enormous marine waters (such as oceans), freshwater occurs as small and very small inland 
waters. These inland sources of freshwater are particularly reliant on natural stocks of 
precipitation. For example, when precipitation falls on the ground (as rain or snow), it can soak 
into underground aquifers or run-off into surface waters (Findlay, 2004). Watersheds (defined by 
Schwoerbel (2016) as “a land area that channels rainfall and snowmelt to creeks, rivers, lakes 
and wetlands”) are the most striking collections of freshwater, in addition to underground water 
in the fissures in rocks and in sediments (Schwoerbel, 2016, 1).   
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As an area of land that serves to drain precipitation, watersheds connect and encompass 
groundwater, surface water, land, and freshwater ecosystems, and they provide a wide variety of 
valuable ecosystem services; including the supply and purification of freshwater (Postel & 
Thompson, 2005). Watersheds range in size from small ponds to large areas of land that can 
extend municipal, provincial or national borders; and thus, watersheds are interconnected and are 
affected by adjoining ecosystems and human activities outside of their boundaries (Molnar et al., 
2012). Watersheds are an important support system for plants and animals, and they provide 
drinking water for people and wildlife. Accordingly, protection of freshwater in our watersheds 
(and sub-watersheds) is essential to maintaining the health and well-being of all living 
organisms. 
2.5 Interactions of Surface and Ground Waters 
 
Streams, rivers, lakes, and groundwater are collectively referred to as “source water,” and 
it is the raw water that supply our wells and municipal drinking water systems (Emerson & 
Jesperson, 1998). Protection of source water within our watersheds is therefore vital for 
continued human and ecological survival. 
Humans have settled near water sources for millennia. For much of this time, however, 
society’s dependence on freshwater has increased significantly. The Food and Agriculture 
Organization of the United Nations reported that global freshwater withdrawal increased from 
“less than 600 km3 [cubic kilometers] per year in 1900 to almost 4000 km3 per year in 2010,” 
and that “water withdrawal has increased 1.7 times faster than population over the last century” 
(United Nations, 2014a).  
Human activities can have an effect on surface and groundwater systems in several ways, 
such as groundwater pumping (that diverts groundwater flow from reaching surface water), 
groundwater withdrawals that exceed natural rates of recapture, urbanization and land use 
changes (that alter groundwater recharge rates and surface run-off), changes in thermal stream 
temperatures, and point-source and non-point source contamination in source waters (Weber et 
al., 2017; Granneman & Van Stempvoort, 2016; Veldkamp et al., 2016). The interconnectedness 
of surface and groundwater has become more evident in recent years. One particular example of 
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this ‘single-resource’ recognition arose from the Walkerton tragedy in Ontario, in the year 2000 
that led to the formation of source water protection in Ontario (see Section 3.2), which resulted 
in the formation of the province’s Clean Water Act, introduced in 2006 (Ministry of the 
Environment and Climate Change, 2014). As human civilizations have developed and expanded 
over time (starting most notably with the Industrial Revolution), the increased demand for 
natural resources has correspondingly increased the need to introduce legislation and monitoring 
programs to further protect water resources.       
Accordingly, Garda et al. describe that source water protection vis-à-vis water monitoring 
provides a way to understand surface and groundwater interactions, and it helps to assess the 
state of aquatic ecosystems (2017). Protecting water at its source is considered by the Auditor 
General of Ontario as “the first line of defense in a multi-barrier approach to protecting Ontario’s 
drinking water,” and its purpose is to ensure the long-term supply of the sources of drinking 
water in the province, and to reduce health risks and future costs by effectively managing and 
protecting drinking water systems (Ministry of the Environment and Climate Change, 2014, 
408).  
There are two main sources of drinking water; namely, surface water and groundwater. 
Recent studies suggest that surface and groundwater can be considered a single resource due to 
their interactions and thus that groundwater can be equally vulnerable to impacts as surface water 
(Granneman & Van Stempvoort, 2016; Lefebvre et al., 2015). Groundwater, defined as “any 
water that lies in aquifers beneath the land surface” (Oskin, 2015), represents about one-third of 
the world’s freshwater and contributes to maintaining the water-level flow into rivers, lakes and 
wetlands (Hansen et al., 2018). During drier months, when there is little direct recharge of 
surface waters from rainfall, groundwater provides the base flow into surface waters (Kenda et 
al., 2018; Hansen et al., 2018). Surface water, defined as “water on the surface of the earth in the 
form of lakes, rivers, wetlands, and reservoirs” (Orlova & Branfreun, 2014) interacts with 
groundwater to maintain the flow regulation of hydrologic processes (Kleidon et al., 2014). 
Studies have quantified the importance of a functioning hydrologic cycle, defined as “the 
continuous movement of water on, above, and below the surface of the earth,” to maintain the 
recharge-discharge processes of surface and groundwater (Daily et al., 1997). Studies have also 
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shown that changes in the hydrologic process can cause significant impacts to water availability 
at regional and global scales (Kleidon et al., 2014; Back et al., 2013). Further, recent studies have 
quantified that the movement of groundwater to surface water “will inherently have an effect on 
surface water quality,” and that groundwater contaminants (i.e., road salt, nutrients, industrial 
compounds, petroleum hydrocarbons, and a variety of other contaminants) can adversely impact 
surface water quality in its interconnected water channels (Granneman & Van Stempvoort, 2016, 
12; Lefebvre et al., 2015). The rate at which the hydrologic cycle (or “water cycle”) renews or 
replenishes freshwater resources; in effect, determines the availability of freshwater for human 
use (Engelman & LeRoy, 1993, 56).     
One of the key differences between surface and groundwater is that groundwater moves 
at a much slower rate than surface water. This is because groundwater experiences far more 
friction as it moves through the small spaces in soil, sand and rock (Provencher, 1992). Although 
groundwater moves at a much slower rate compared with surface water, groundwater has 
become a large supporter for many societies around the world; and in some areas, it is the 
primary source of water for municipal, industrial, agricultural and urban use (Weber et al., 2017; 
Bruce et al., 2017; Jakeman et al., 2016). For this reason, groundwater plays an important role in 
the management and sustainability of water resources.  
Large quantities of clean freshwater are stored in underground “aquifers” (defined by 
Provencher (1992) as geologic formations of soil, sand and rocks (4)) and is usually easy to 
access with groundwater well and pump technologies. This groundwater is often available “on-
site” and is filtered by natural processes (such as different layers of soil) and it is therefore 
typically inexpensive to treat for human consumption compared to surface water (Pfeiffer & Lin, 
2012). This makes groundwater a reliable source of water because it can provide users with on-
demand water when they need it, and it is less expensive to treat for consumption compared to 
surface water. It is therefore not surprising that industrial, commercial and domestic use of 
groundwater is the preferred source of water; however, paradoxically, this has led to rigorous and 
unsustainable groundwater withdrawal in many areas around the world (see Section 3.1 for 
examples). 
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General consensus amongst researchers is that, in some watersheds, large quantities of 
current water withdrawal comes from water resources that are effectively non-renewable. For 
example, groundwater aquifers with very slow recharge rates or groundwater systems that cannot 
be recharged when over-pumped can make the resource “non-renewable” (Wada et al., 2010; 
Gleick & Palaniappan, 2010). For this reason, it becomes increasingly important to understand 
the effects of over-pumping groundwater resources; which, in turn, can cause a ‘ripple effect’ on 
its nearby surface water bodies. 
A 2018 report by the United States Geological Survey (USGS) describes that when water 
withdrawal from a groundwater aquifer far exceeds the natural rate of recharge, groundwater is 
quickly depleted by lowering of the water table (resulting in reduction of water in streams and 
lakes), land subsidence and aquifer compaction, increased costs for the user, increased 
salinization, the deterioration of water quality, and a depletion of overall groundwater resources 
(USGS, 2018). Moreover, in cases when groundwater aquifers become contaminated with 
pollutants that make the water unusable, many researchers argue that the adverse effects carry 
over to surface water bodies and impact freshwater ecosystems and the biodiversity within them 
(Granneman & Van Stempvoort, 2016; Gleick & Palaniappan, 2010; Falke et al., 2010).  
Past cases of unsustainable water use have been studied and found to demonstrate the 
impact of excessive groundwater pumping. For example, in the Central Valley of California, 
excessive groundwater pumping has caused significant drawdowns, aquifer-system compaction, 
and subsidence (Faunt et al., 2015). About eighty percent of land subsidence, defined as “the 
gradual setting and lowering of the earth’s surface” in the United States can be directly attributed 
to groundwater withdrawal (Falke et al., 2010). In the state of Wisconsin, United States, 
excessive groundwater pumping reduced the stream flows of surrounding surface water 
resources resulting in the drying up of streams and supported ecosystems (Wanamaker, 2018). 
Recent studies have also found that global groundwater depletion rates have reached an all-time 
high (Russo & Lall, 2017; Gleeson & Richter, 2017).  
Due to the hidden nature of groundwater, it becomes increasingly important to 
understand how this water moves through the hydrologic cycle to provide the necessary stock of 
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freshwater for humans and ecosystems. Hydrologic fluxes, or “movements of water through the 
hydrologic cycle,” are considered by researchers as imperative to understanding water 
availability (Good et al., 2015, 176; Kleidon et al., 2014; Kornelsen & Coulibaly, 2014; 
Engelman & LeRoy, 1993). The hydrologic cycle (see Figure 3) is an important natural 
deliverance system of freshwater to supply the needs of human and ecological systems. It is our 
dependence on the water cycle where humans extract water for agriculture, industry and energy, 
municipal use (e.g., drinking water), and it maintains the environmental flow regimes for local 
and regional ecosystems (Good et al, 2015).   
 
Figure 3: The Hydrologic Cycle (Source: Southeast Texas Water, 2019)  
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Figure 4: Schematic of groundwater flow through Wetland, Stream and Lake Ecosystems 
(Source: Granneman & Van Stempvoort, 2016) 
To appreciate the importance of protecting water at its source, it is helpful to understand 
the ways in which water is collected and diverted into surface and groundwater systems. 
Illustrated in the above Figures (3 and 4) is the hydrologic cycle; the endless circulation of water 
from the atmosphere to the earth and back to the atmosphere. Its natural process involves 
evaporation (when the sun heats up the molecules of a water body evaporate into the 
atmosphere), transpiration (plants/vegetation give off water vapor into the atmosphere), 
condensation (as water vapor rises, it cools and condenses), precipitation (clouds with condensed 
water molecules fall in the form of rain, snow, etc.), percolation (some precipitation seeps into 
porous soil and cracks in rocks to settle in aquifers), and surface run-off (precipitation flows over 
the surface of land and into nearby water bodies) (Findlay, 2004).     
To elucidate surface and groundwater interactions, the concept of “base flow” (defined 
by Kornelsen & Coulibaly (2014) as “the contribution of groundwater discharge to overall flow 
of the water body”) is highlighted in the literature (1). Groundwater is mobile in underground 
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aquifers and flows towards discharge points at the surface near water bodies or wetlands (Oskin, 
2015; Kornelsen & Coulibaly, 2014). Since the temperature of groundwater is usually lower than 
the surface (i.e., less exposure to sunlight), it is commonly accepted amongst researchers that 
groundwater discharge into streams provides a critical temperature regulation function, which is 
vital for productive and sustainable habitats and to maintain water quality (Kornelsen & 
Coulibaly, 2014; Gleick & Palaniappan, 2010). In addition to precipitation and surface run-off 
that replenish surface water bodies, this groundwater discharge (see Figure 4) is also essential to 
the stream flows of various creeks, rivers and lakes (Granneman & Van Stempvoort, 2016; 
Kleidon et al., 2014). As a result, general consensus amongst researchers is that to achieve 
sustainable water use, human extractions of water must be less than or equivalent to the natural 
recharge-discharge processes of the hydrologic cycle to maintain an equilibrium (Oskin, 2015; 
Kleidon et al., 2014).  
2.6 Defining “Sustainability” 
 
It is becoming increasingly clear that we must not only manage our water resources for 
today’s social, economic and environmental needs, but we must also keep our resources 
unimpaired to ensure a sufficient supply for future needs. It also becomes increasingly important 
to recognize that today’s decisions of water use may compromise the natural systems that 
support life on Earth for future generations. For this reason, the concept of “sustainability” or 
“sustainable development” is increasingly viewed in the academic literature as a vital 
management philosophy for all of our environment and resources (Morelli, 2011; Callicott & 
Mumford, 1997; Foy, 1990). Members of various professions offer different meanings to the 
term “sustainability,” and thus, there is no universally accepted definition in the literature. It is 
defined in various ways and for specific purposes, depending on the context in which it serves. 
For example, Callicott & Mumford (1997) develop the meaning of the term within the 
context of “ecological sustainability,” serving as a suitable concept for conservation biologists. 
In Ecological Sustainability as a Conservation Concept, the authors apply an ecological 
definition of sustainability that connects ecosystem services and human needs, further expressed 
by the authors as “meeting human needs without compromising the health of ecosystems” 
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(Callicott & Mumford, 1997, 32). From an economic standpoint, the term “sustainability” has a 
radically different viewpoint from ecological sustainability. For example, in Economic 
Sustainability and the Preservation of Environmental Assets, Foy explains that “the core 
requirement of sustainability is that current economic activities should not result in an excessive 
burden on future generations” (Foy, 1990). In contrast of the different ecological and economic 
standpoints of the term “sustainability,” ecologists will seek to preserve environmental assets in 
physical terms, whereas economists will seek to preserve environmental assets in financial terms. 
However, both standpoints of the concept are similar in that they have a shared ideology; that is, 
maintaining an ‘equilibrium’ so that the human needs of today do not jeopardize the ability of 
future generations to meet their own needs. 
Sustainability is also defined in broader terms of the environment; more specifically, 
“environmental sustainability,” defined by Morelli (2011) as “a condition of balance, resilience, 
and interconnectedness that allows human society to satisfy its needs while neither exceeding the 
capacity of its supporting ecosystems to continue to regenerate the services necessary to meet 
those needs nor by our actions diminishing biological diversity” (5). Broadly speaking, 
“environmental sustainability” can be viewed as adding depth to the conventional definition of 
“sustainable development;” that is, “meeting the needs of the current generation without 
compromising the ability of future generations to meet their own needs” (Morelli, 2011, 5). 
Among the various definitions of sustainability, a common theme presents itself where we must 
think and act in a responsible way; such that today’s decisions in resource management do not 
endanger the requirements of future generations.    
In Canada, the federal government discuss that to manage water in a “sustainable way” 
we need to “[1] develop a better understanding of the physical, chemical, and biological 
components of aquatic ecosystems; [2] improve our knowledge about how atmospheric and 
terrestrial changes impact water quality and quantity; and [3] we need to apply this knowledge 
appropriately to anticipate and prevent environmental degradation from occurring” (Environment 
and Climate Change Canada, 2013a).  
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For the purposes of this research, I will adopt the view of sustainable development in 
terms of meeting the human and ecological needs of today without compromising the ability of 
future generations (both humans and ecosystems) to meet their own needs. The concepts of 
sustainability and sustainable development certainly hold their place in water resource 
management initiatives. The long-term goals of protecting our water resources emphasize water 
withdrawals to be consistent with or less than what can be replenished naturally through the 
hydrologic cycle (Oskin, 2015; Kleidon et al., 2014). It is also necessary to extract water for 
human sustenance and continued economic growth; however, it is equally necessary that we 
understand the rate at which water is recycled through the hydrologic cycle to ensure that the 
amount withdrawn is at an equilibrium. It is our ability to maintain this equilibrium that will 
define our ability to use water sustainably, in addition to protecting its quality and availability for 
all other uses of water. 
2.7  Volume and Accessibility of Freshwater 
Since their beginning, human civilizations have settled near streams, rivers, and lakes that 
provide potable water for consumption and all other uses. In many ways, vast quantities of 
freshwater have supported the advancement of human societies. For example, dating as far back 
as 8,000 BC, at the end of the last ice age, small bands of hunters and gatherers settled next to 
large rivers to maintain a sufficient supply of water for domestic use and as farming developed 
for irrigation (Etim, 2018). All the same, from the Seine River in Paris to Lake Texcoco in 
Mexico City, population growth and distribution have been closely linked to the availability of 
freshwater for millennia (Hamoumy, 2019). Today, we continue to rely on the hydrologic cycle 
for water supplies that support a variety of social, cultural, economic, and life-support services. 
In particular, these life-support services require clean freshwater for humans and wildlife to 
consume. For the purposes of this research, it is important to emphasize that what is normally 
measured when it comes to water consumption is ‘freshwater’ consumption.  
  Accordingly, only a tiny fraction of Earth’s water abundance consists of liquid water that 
is fresh enough to drink, grow crops, and satisfy other human and ecological needs. There is a 
major distinction between the total resource, and its availability and accessibility to serve the 
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needs of the former. Of the total volume of water on the planet (an estimated 1,386,000,000 
km3), only 2.5 percent is fresh, with two-thirds of that locked in glaciers and ice caps that are, in 
effect, inaccessible to humans. Of the freshwater that is accessible to humans, merely 0.77 
percent of the world’s water is held in lakes, rivers, wetlands, underground aquifers, soil pores, 
plant life and the atmosphere (McDonald et al., 2011; Rogers, 2008). Accordingly, even though 
the majority of Earth’s surface is comprised of water (about 70 percent), less than one percent of 
this water is made available for consumption. In maintaining this small supply of potable water 
for humans and wildlife, precipitation on land is of particular importance. An estimated 110,000 
km3 of water is made available annually through the hydrologic cycle and constitutes the total 
global renewable freshwater supply (Good et al., 2015). 
 Human demands for freshwater have increased rapidly in recent decades as a result of 
population growth and its corresponding higher levels of material consumption (Debaere & 
Kurzendoerfer, 2019; Shaikh, 2017; Gleeson & Richter, 2017), with estimates of withdrawals or 
extractions of water from the environment “having more than tripled since 1950” (Debaere & 
Kurzendoerfer, 2019, 155). 
 Most of the world’s total renewable freshwater supply can be found in Brazil, Russia, the 
United States, Canada, and China, respectively (Misachi, 2018). Evidently, there is an uneven 
distribution of water resources around the world. Only a few countries are freshwater-rich, while 
others remain faced with high levels of water stress and increased scarcity of water resources. 
Even so, many of the aforementioned countries are experiencing significant drawdowns of water 
resources, primarily due to over-taking and contamination (a few cases are discussed in Section 
3.1). Although Canada ranks fourth in total global renewable freshwater supply (Misachi, 2018), 
18 to 20 percent of the available global surface freshwater can be found in southern Ontario; 
most of which is located in the Great Lakes (Environment Canada & Ontario Ministry of the 
Environment and Climate Change, 2014). 
The growing and competing demand for industrial, agricultural, municipal, and 
recreational water has made potable water a scarce resource in many areas around the world 
(Gleeson & Richter, 2017; Mekonnen & Hoekstra, 2016). Severe water shortages have already 
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affected some countries, regions, and municipalities. For example, Engelman & LeRoy (1993) 
categorized countries with less than 1,700 m3 (cubic meters) per capita, less than 1,000 m3 per 
capita, and less than 500 m3 per capita as facing water stress, chronic (moderate) water scarcity, 
and absolute (severe) water scarcity, respectively (Engelman & LeRoy, 1993, 56). Over the last 
few decades, studies have demonstrated increasing trends of water scarcity based on the 
aforementioned categories of water stress and have found increasing threats to the sustainable 
development of society. For example, 71 percent of the human population (about 4.3 billion 
people) reportedly live under conditions of “moderate to severe” water scarcity for at least one 
month of every year (Mekonnen & Hoekstra, 2016). Studies have also quantified that water-
scarce countries grew from seven in 1955 to twenty in 1990, and the number of water-scarce 
countries are projected to increase to thirty-five by the year 2025 (Elkiran & Turkman, 2008). 
Additionally, the United Nations’ Sustainable Development Goal 6 Synthesis Report, 2018, on 
Water and Sanitation, reported that more than two billion people live in countries experiencing 
high levels of annual water stress (United Nations, 2018). Today, 27 countries are short of water, 
a quarter of the world’s population has no safe water, 46 percent have no proper sanitation, and 
every year four million children die of waterborne diseases (Postel, 2014).  
Recent studies suggest that increasing human populations are not only stressing the 
volume and sustainability of the existing supply of freshwater, but they are also placing these 
supplies at a greater risk of contamination (Gleeson & Richter, 2017; Richey et al., 2015). The 
result is increased global “freshwater scarcity,” defined as “the inability of water resources to 
meet water demands” (Howell, 2013). Water scarcity is unanimously considered among the 
current literature as one of the most important global risks for modern society (Veldkamp et al., 
2016; Mekonnen & Hoekstra, 2016; Gosling & Arnell, 2013). Unfortunately, warnings of water 
scarcity do not come as a surprise to most. The United Nations have been warning us of water 
shortages by the year 2050 for years; if not, for decades. In 2001, the United Nations Population 
Fund warned that “the world will begin to run out of freshwater by 2050” (Shaikh, 2017). As we 
approach the year 2020, these warnings are becoming more and more of a concern, and there is a 
general consensus amongst researchers to suggest that water scarcity conditions are increasing 
faster than previous estimates (Weber et al., 2017; Veldkamp et al., 2016; Jakeman et al., 2016).   
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Freshwater availability changed during human history as a result of increasing drainage 
and diversions for agriculture and industry, as well as rapid urban development (Petersen et al., 
2019; Doll & Zhang, 2010). Despite its apparent scarcity, it is of fundamental importance for 
every form of life and its availability remains threatened by various human pressures. Adding to 
the many existing human pressures on the quality, volume, and accessibility of Earth’s water 
resources, is anthropogenic (or human-induced) climate change.  
Since the Industrial Revolution, studies have demonstrated a significant increase in 
greenhouse gas emissions, consequently increasing the heat-trapping capability (via the 
‘greenhouse effect’) of Earth’s atmosphere (Tietenberg & Lewis, 2016; Admiraal et al., 2015; 
IPCC, 2013). According to the Intergovernmental Panel on Climate Change (IPCC), National 
Research Council, “warming of the climate system is unequivocal, and since the 1950s, many of 
the observed changes are unprecedented over decades to millennia,” and that “it is extremely 
likely that human influence has been the dominant cause of the observed warming” (IPCC, 2013, 
4). As the earth warms, the consequences are expected to affect both humans and ecosystems at 
local, regional, national, and global scales. Although the literature suggests that climate change 
impacts can considerably affect many other earthly functions (e.g., melting polar ice caps and its 
corresponding rising sea levels, increased natural disasters, warming ocean temperatures, etc.) 
(Nerem et al., 2018), the focus of this paper is on freshwater ecosystems. In this respect, recent 
studies suggest that climate change is likely to be a centerpiece in depleting global, national, and 
municipal water supplies; in addition to the number and variation of species that thrive within 
freshwater environments. 
There is a general consensus amongst current researchers to suggest that climate change 
is impacting (and likely to further impact) freshwater ecosystems not only by changing 
temperatures but also by changing “water flow regimes” (defined by Doll & Zhang (2010) as 
“the pattern of flow variability to include long-term annual and monthly means, statistical low 
and high flows, daily to inter-annual variability, and the timing of flows” (784)). These flow 
regimes can influence other characteristics of freshwater ecosystems that affect the health of 
organisms, water quality, and water temperature (Granneman & Van Stempvoort, 2016; Doll & 
Zhang, 2010). It is therefore important to recognize that climate change puts additional stress on 
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freshwater environments that are already heavily stressed by other human pressures on 
freshwater ecosystems (e.g., over-exploitation, water pollution, habitat destruction/degradation 
and invasive species). Research on climate change impacts and related adaptation to water 
demand is still very limited; however, with impacts to water resources reaching unprecedented 
levels and with increased concerns of global water scarcity, it is imperative that we competently 
manage the water resources we have left.  
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3.0 CASE STUDIES  
The previous chapter identified the significance of freshwater for human and ecological 
survival, and provided a general overview of its volume, uneven global distribution and 
accessibility. Additionally, the chapter introduced the increasing concerns of deteriorating water 
quality and quantity around much of the world; with emphasis placed on worsening global water 
scarcity and increasing concerns of climate change impacts likely to exacerbate human pressures 
on water resources.  
This chapter will provide specific case studies from the current literature that reflect the 
ways in which freshwater is managed around the world, and in areas where there is (or was) an 
abundant supply of freshwater for drinking supply needs. The case of the Walkerton tragedy and 
its subsequent Inquiry, and its influence on source water protection legislation in southern 
Ontario will also be presented.  
Although there are a wide variety of related cases available in the literature, it would be 
impossible to address them all in this paper. Instead, only a select few cases are reviewed to 
represent the overall context for global source water depletion. Further, the following cases 
represent, by example, water depletion in regions (and nations) where freshwater is considered 
abundant (refer to Section 2.7 on Volume and Accessibility). 
3.1 Global Examples of Source Water Depletion  
3.1.1 High Plains Aquifer, United States 
 
The High Plains (HP) aquifer is one of the largest freshwater groundwater systems in the 
world, covering eight States and encompassing over 450,000 km2 (square kilometers) in area 
(Strassberg et al., 2009). The HP aquifer is the most intensely used aquifer in the United States, 
responsible for nearly two-thirds of the country’s total groundwater extraction, and for providing 
drinking water to approximately 2.3 million people (Fienen & Arshad, 2016). Groundwater age 
dating of the HP aquifer indicates that some of the “fossil water” was recharged as long as 
13,000 years ago, and a study by Scanlon et al. (2012) estimated that, between 1950 and 2015, 
the amount of water in the aquifer decreased by approximately 6.4 trillion gallons, representing 
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an average loss of 300,000 acre-feet per year, and that the ratio of rates of extraction to natural 
recharge was found to be ten times greater (Scanlon et al., 2012). Moreover, between 2011 and 
2015 alone, the water available in the HP aquifer decreased by 3.2 million acre-feet; representing 
an approximate decline of 800,000 acre-feet per year (Gultch, 2017). This not only indicates that 
intensive groundwater over-taking continues to persist in the region, but it represents a 
significant increase in water withdrawal compared with previous decades.      
The over-taking of groundwater in the southern HP aquifer has resulted in significant 
declines in water levels, with some areas having dropped 100 feet in less than twenty years 
(James & Reilly, 2015). The primary concern is that extractions of groundwater have far 
exceeded natural rates of recapture in the HP region. Taking upward of 13,000 years to replenish 
to its volume prior to being tapped, coupled with its significant drawdowns over several decades, 
is indicative of a depleting resource on a human timescale. The result is substantial economic 
damages in addition to a reduced availability of potable water for the millions of people that 
depend on the HP aquifer.        
Furthermore, as a direct consequence to the depleting HP aquifer, is a significant 
drawdown in surface water availability in the region. Recent studies indicate that over-pumping 
in the HP aquifer “has dried up 358 miles of nearby surface rivers and streams across a 200-
square mile area,” which also has a direct impact on the disappearing fish species in the region 
(i.e., minnows and catfish that had evolved to endure periodic droughts) (Gultch, 2017). As a 
result, the recurrent over-taking of groundwater in the HP aquifer and its corresponding water 
level reductions in nearby surface waters, and disappearing fish species, can serve as an indicator 
for researchers that the ecological impacts may be reaching a tipping point. Even so, 
groundwater exploitation continues to persist in the region to serve agricultural, industrial and 
domestic needs. The availability of water to support the future needs of the region, however, are 
threatened. Water depletion in the HP aquifer is so significant that Haacker et al. (2016) describe 
that “if current rates of decline continue, much of the Southern High Plains and parts of the 
Central High Plains will have insufficient water for irrigation [and drinking supply] within the 
next 20 to 30 years” (231). Over time, evidence of over-taking groundwater in the HP aquifer 
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will become more prevalent in the lives of groups and individuals within the region that depend 
on this resource.  
3.1.2 North China Plain, North-Eastern China 
 
In China, there has been a significant trend towards an increased dependency on 
groundwater over the last 50 years. As a result, aquifers of the North China Plain (NCP) have 
experienced groundwater over-taking for agricultural, industrial and domestic use since the 
1970s (Fienen & Arshad, 2016; Feng et al., 2013). Studies have demonstrated significant impacts 
from the intensive over-exploitation of groundwater reservoirs in the NCP, including decreases 
in aquifer storage (causing land subsidence), ground fissuring, seawater intrusion, water quality 
degradation and its corresponding surface water declines, and pollution of shallow and deep 
aquifers (Fienen & Arshad, 2016; Shi et al., 2011). Over-taking of groundwater in the NCP has 
resulted in depletion of its groundwater reserves, and the Ministry of Water Resources (MWR) 
of the People’s Republic of China reported an overall decrease of over eight billion m3 in 
groundwater reserves between 2014-2015 alone (Hu, 2015). Due to the intensive over-taking of 
groundwater, studies have found that a cluster of shallow and deep groundwater depression 
cones have formed (“depression cones” are defined by Shi et al. (2011) as “lowering of the water 
table [in a cone shape around the well] when the pumping rate exceeds the rate of water flowing 
into an aquifer”) in some areas of the cities of Tianjin, Cangzhou, Hengshui and Dezhou. The 
study found that the depression cones have declined the water table by more than twenty meters, 
with some aquifers having been compacted and are permanently unable to recharge (Shi et al., 
2011, 3). The example of over-taking groundwater in the NCP serves as a valuable lesson to the 
rest of the world. That is, when groundwater is exploited at an uncontrolled and unsustainable 
rate, the effect is groundwater depletion. The knowledge and understanding derived from this 
example (and the example of the HP aquifer) should promote more proactive water management 
regimes that balance groundwater extraction for human uses with natural rates of recharge. 
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3.1.3 Cape Town, South Africa 
 
As echoed in the United Nations’ Sustainable Development Goal (SDG) 6, sufficient 
quality and availability of water is vital for human survival, sustaining ecosystem services, and 
for economic productivity (United Nations, 2018). More recently, the importance of SDG 6 was 
emphasized in Cape Town, South Africa. In January 2018, the city faced a severe water crisis 
and had to resort to extreme water rationing (including the need to import water) to avoid a 
complete water supply shutdown for its four million inhabitants (Maxmen, 2018). The gravity of 
water issues in the Cape Town water crisis were a combination of droughts exacerbated by 
climate change and poorly structured water resource management regimes (Maxmen, 2018). In 
modern history, no city in the developed world has ever run out of freshwater to this extent. In 
review of the recent water crisis in Cape Town, and with an understanding of human influence 
on global freshwater scarcity, it is reasonable to presume that no city, province/state or country is 
truly exempt from water scarcity. 
3.2 The Walkerton Inquiry: The Dawn of Source Water Protection in Ontario  
“The first barrier to the contamination of drinking water involves protecting the sources of 
drinking water” - Justice Dennis O’Connor, Walkerton Inquiry, 2002 
 In May 2000, the Province of Ontario experienced one of the most tragic public health 
events in modern history. Two types of bacteria known to be considerably hazardous to human 
health; namely, Escherichia coli 0157:H7 and Campylobacter jejuni, contaminated the drinking 
water supply in Walkerton, Ontario. The resulting impacts were substantial, with a recorded 
seven deaths, 27 people diagnosed with acute kidney failure, and over 2,000 people that fell 
severely ill from the contaminated water supply (Prudham, 2004; Holme, 2003). Escherichia coli 
0157:H7 (henceforth known as “E. coli”) discovered in the Walkerton drinking water supply 
produced substantial public outcry and reactive government responses, including a public inquiry 
into the circumstances surrounding these events (Gloubeman, 2001).      
 In the aftermath of Walkerton, Ontarians and Canadians quickly began to doubt the safety 
of their drinking water. Following the contamination event, Justice Dennis O’Connor (the 
Associate Chief Justice of Ontario at the time) led an inquiry into the events at Walkerton, which 
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 30 
 
 
 
Andrew Watters  
York University July 2019 
produced a two-part report detailing the events, along with a series of recommendations to 
ensure the future safety of Ontario’s drinking water (Mukhammadiev, 2014). Part I of the 
Walkerton Commission of Inquiry highlighted improper operating practices by the Walkerton 
Public Utilities Commission, in addition to regulatory and compliance shortcomings by the 
Government of Ontario. The resulting economic damage inflicted a total cost of between $64.5 
and $155 million (Mukhammadiev, 2014). In Part II of the report, the Commission 
recommended that Ontario residents be guaranteed by legislation that their tap water is safe. To 
ensure its safety, Part II of the report required the Government of Ontario to allocate $329 
million towards water management initiatives, and it required the Ontario Ministry of the 
Environment to establish new policies to oversee water safety; later becoming the Clean Water 
Act in 2006 (Mukhammadiev, 2014; Prudham, 2004).  
The Walkerton Inquiry confirmed the cause of the outbreak stemmed from manure that 
had been applied to a field in close proximity to a municipal well that was supplying water to the 
town’s water treatment and distribution system (O’Connor, 2002). The well’s groundwater was 
surrounded by fractured bedrock, and a routine manure application in April 2000 was followed 
by significant rainfall, thus flushing E. coli into the wells’ groundwater (O’Connor, 2002). The 
Inquiry highlighted the events leading up to the tragedy as regulatory shortcomings, 
technological deficits, insufficient training and knowledge, privatization of water testing, budget 
cuts to the Ontario Ministry of the Environment, and human negligence (Mukhammadiev, 2014; 
Prudham, 2004). In the case of Walkerton, multiple public utility and management failures, 
coupled with privatized water testing allowed the system to go unchecked as the community 
drank the contaminated water for several days (O’ Connor, 2002).    
The contamination event at Walkerton was deeply tragic and unfortunate. The crisis; 
however, did prompt invaluable changes to Ontario’s water management regime, wherein the 
events that took place at Walkerton are described by de Loe & Kreutzwiser (2007) as a “catalyst 
for change in water governance in Ontario and other parts of Canada [that] cannot be overstated” 
(94). In review of the comprehensive inquiry following these events, recommendations by the 
Walkerton Commission of Inquiry stated the need to restructure and improve the Province of 
Ontario’s long neglected and poorly structured water management regulations (Prudham, 2004). 
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The recommendations following the event included new source water protections, training 
requirements, water quality standards and monitoring, greater funding for water-related research, 
vastly more public engagement in water governance processes, and a renewed recognition of 
water’s connections to public and environmental health (Cote et al., 2017). 
By extension of these new water management regulations was the introduction of the 
Clean Water Act, passed in 2006, as part of a multi-barrier approach (MBA) to drinking water 
safety and is centered on protecting water at its source (see Figure 5 for a visual representation of 
the MBA to source water protection). The MBA is designed to sufficiently and reliably ensure 
the quality and quantity of sources of municipal drinking water, such as lakes, rivers and 
groundwater (Ministry of the Environment and Climate Change, 2014). The steps of the MBA 
include the following: (1) protecting water at its source; (2) robust water treatments; (3) 
monitoring and inspecting; (4) laboratory analysis of the treated water; (5) distribution; and (6) 
supply to the end-user (O’Connor, 2002). Each step to the MBA is intended to incrementally 
reduce health risks of water use and consumption. 
In many ways, the new legislation that emerged from the Walkerton Inquiry represent a 
“next generation” environmental policy (defined by Plummer et al. (2010) as “policy 
development in response to a crisis [that] can advance progress on the issue”) (Plummer et al., 
2010, 3). This is exactly what happened with Walkerton; new policy had developed in response 
to the crisis to advance progress on drinking water safety. In review of the contamination events 
at Walkerton, a critical point in how we view the significance of competent and extensive water 
resource management emerged. It is, however, important to highlight that the events at 
Walkerton illustrate the consequences of acting after-the-fact, rather than making proactive 
decisions under conditions of uncertainty.    
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Figure 5: Multi-Barrier Approach to Source Water Protection (Source: International Joint 
Commission, 2019) 
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4.0 CURRENT STATE OF FRESHWATER IN SOUTHERN ONTARIO 
4.1 Ontario’s Source Waters 
 
While global freshwater resources are experiencing unprecedented strain, Ontario is one 
such location that is often viewed as largely abundant in this valuable resource. With about 
250,000 lakes and over 500,000 kilometers of rivers and streams, and vast networks of 
groundwater resources, Ontario has one of the most abundant supplies of freshwater resources in 
the world (Ministry of the Environment and Climate Change, 2014). Ontario borders on four of 
the five Great Lakes, which is the source of drinking water for over 75 percent of the population 
of the province. The remaining population sources its water predominantly from groundwater 
(ibid).  
4.2 Significance of the Great Lakes and the Oak Ridges Moraine 
 
 Within southern Ontario, there is a recognition of two major networks of water systems, 
both of which are environmentally sensitive, interconnected among various water channels and 
are economically significant. The Great Lakes and the Oak Ridges Moraine (ORM) are known 
for their tremendous value for human and ecological provisions, as the following will illustrate. 
4.2.1 The Great Lakes 
 
The Province of Ontario is surrounded by the bountiful Great Lakes with a variety of 
local freshwater sources that are the underpinning for industrial, community and economic 
prosperity. The Great Lakes and their interconnected inland waterways and groundwater 
networks supply drinking water for its communities, they cater to traditional and cultural use, 
they provide healthy ecosystems for recreation and tourism, and they provide habitat for a 
diverse number of species (Ontario Ministry of the Environment, Conservation and Parks, 
2018a).  
The Great Lakes Basin is not only a critical economic hub for Ontario, but also for 
Canada. Approximately 33 percent of Canada’s entire population resides within the Great Lakes 
Basin and the region contributes about 40 percent to the total national economic activity; with a 
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25 percent share to the Canadian agriculture sector and 75 percent to the manufacturing sector 
(Ontario Ministry of the Environment and Climate Change, 2016). The Great Lakes consist of 
five interconnecting large lakes (Superior, Michigan, Huron, Erie, and Ontario), one small lake 
(Lake St. Clair), four connecting channels, and the St. Lawrence Seaway (Hands & Komar, 
2018). Together, they form the largest surface freshwater system in the world, holding nearly 
one-fifth of the earth’s surface freshwater, and are easily spotted from space as they cover 16,000 
kilometers of shoreline and serve as a drain for more than 200,000 square miles of land (see 
Figure 6) (ibid). Moreover, the Great Lakes watershed is home to a wide variety of terrestrial and 
aquatic species, such as the gray wolf, moose and bald eagle, and fish species such as Lake 
Whitefish, walleye and trout (Steinman et al., 2017).  
For many years, the Great Lakes have been threatened by multiple anthropogenic 
disruptions, including pollution, climate change, invasive species, sulfide mining, and other 
industrial and commercial activities (Ontario Ministry of the Environment, Conservation and 
Parks, 2018a; Horachek et al., 2015). These human pressures on the Great Lakes have prompted 
a variety of transboundary agreements between Canada and the United States, such as the Great 
Lakes Action Plan, the Great Lakes Water Quality Agreement, the Great Lakes Protection Act, 
and numerous other legislations designed to protect the valuable Great Lakes from contamination 
and environmental degradation. Details are discussed in Section 4.4. 
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Figure 6: NASA Visible Earth: The Great Lakes (Source: NASA Earth Observatory, 2010) 
4.2.2 The Oak Ridges Moraine 
 
The ORM is a glacial remnant formed approximately 12,000 years ago, shaping 
significant geologic and hydrologic features that support a wide variety of interconnected surface 
and groundwater networks, and it provides habitat for over 470 types of plants and 81 wildlife 
species; many of which are threatened or endangered (i.e., the Jefferson Salamander, Wood 
Thrush, and the Ovenbird) (TRCA, 2019a). The ORM is the largest glacial remnant in Ontario 
and acts as a vital groundwater recharge-discharge area for approximately 65 waterways 
(Furberg & Ban, 2008).  
Figure 7 demonstrates the location of the ORM, which spans 160 kilometers from the 
Niagara Escarpment in the West to the headwaters of the Trent River in the East, and 18 percent 
of the Greater Toronto Area (GTA) is entrenched in the ORM (TRCA, 2019a). Crossing 32 
municipalities and four districts, the ORM provides drinking water for over 250,000 people, and 
its land cover includes water, forest, golf courses, agriculture, low-density built-up, high-density 
built-up, construction sites, parks, grass and fields (Molnar et al., 2012; Furberg & Ban, 2008). 
The ORM is a natural feature of enormous importance to Ontario with unique ecological 
functions and processes related to water (e.g., forests and parks provide land cover for filtration, 
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infiltration and water cycle regulation, and rivers support with flood control), and the ORM has 
been informally labelled “the rain barrel of southern Ontario” (Environmental Commissioner of 
Ontario, 2015).      
For a number of years, the urban growth trend has expanded towards and onto the ORM, 
and natural hydrologic features are threatened by agriculture (i.e., nitrogen and phosphorus 
pollution), nearby golf courses extracting large quantities of water, residential and commercial 
development that pose risks of water pollution and erosion, and land conversion to impermeable 
surfaces that increase run-off to water sources, fragment the landscape, and increase risks of 
erosion (Molnar et al., 2012; Furberg & Ban, 2008). With a variety of human pressures on the 
ORM, the Oak Ridges Moraine Conservation Plan was introduced in 2002, set out in O. Reg. 
140/02 under the Oak Ridges Moraine Conservation Act, 2001 (Ministry of Municipal Affairs, 
2017). The purpose of the Plan is to “protect the Moraine’s ecological and hydrological features 
and functions,” by collaborating with provincial ministers, ministries and agencies, 
municipalities, landowners and other stakeholders (Ministry of Municipal Affairs, 2017, 3). 
   
 
Figure 7: Map of the Oak Ridges Moraine area (in green) – Land use designation map (Source: 
Einstein, 2005)   
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4.3 Ontario’s Water Use by Sector  
 
Before highlighting the existing regulatory frameworks used for water resource 
management initiatives (particularly protecting water at source) in Ontario, it is important to first 
underline the water use trends by various sectors in the province. Analyzing the trends in water 
demand can help design specific strategies for sectors that require the most attention for demand 
reduction. Including all water takings for all uses except for hydroelectric power generation, the 
Organization for Economic Development and Co-operation (OECD) reported that Canadians use 
the fourth most water per capita of 28 nations profiled, withdrawing about 1,000 m3 of water per 
capita, with Ontarians using even more, at about 1,745 m3 per capita in 2011 (OECD, 2016). 
In 2001, municipal water supply accounted for about 38 percent of total water 
consumption in Ontario, compared to 28 percent for industrial manufacturing, 20 percent for 
agriculture, 3.9 percent for golf courses, 3.4 percent for industrial mining, 3.35 percent for 
thermal power generation (which is the largest sector of water withdrawal), and rural residential 
consuming about 3.17 percent (de Loe et al., 2001). It is important to recognize that many of 
Ontario’s largest urban centers, such as Toronto, Hamilton and London, receive their water 
supply from the Great Lakes Basin. In contrast, agriculture is dispersed throughout the province 
and withdraws water from a variety of smaller sources (e.g., smaller lakes, rivers or groundwater 
reserves). As a result, agriculture is typically in competition for these limited supplies with other 
rural water users, including municipalities, self-supplied domestic users, rural commercial and 
industrial users, and golf courses (Shortt et al., 2004; Kreutzwiser et al., 2004).   
4.3.1 Municipal Water Trends 
 
Municipal water demand is considered inclusive of all sectors (i.e., residential, industrial 
and commercial) that are connected to a municipally treated water supply system. Municipal 
water use in Canada dropped from a profuse 343 liters per capita in 1999 to 251 liters per capita 
in 2011; with much of this decline in municipal water consumption being owed to various 
provincial and municipal initiatives such as water metering, tariffs, efficient plumbing, municipal 
water conservation programs, water efficiency standards in the Ontario Building Code, and water 
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rebates (Environment Canada, 2011). However, the municipal water demand is still considerably 
high in Ontario, such that data from Statistics Canada’s Survey of Drinking Water Plants, in 
2013, found that Ontarians took an average of 200 liters of water per capita for municipal use 
(Statistics Canada, 2013). Trends in municipal water use in Ontario show a considerable decline 
in overall consumption over the last two decades. However, municipal water demand remains 
considerably higher than its global counterparts (Canada’s Ecofiscal Commission, 2017), and 
there remains room for improvement in overall conservation and water efficiency measures 
(Environmental Commissioner of Ontario, 2017). 
4.3.2 Agricultural Water Trends 
 
Statistics Canada’s Agriculture Water Survey is conducted annually to gather information 
on water use, irrigation methods and practices, and sources and quality of water used for 
agricultural purposes (Statistics Canada, 2018). Results from the Agriculture Water Survey 
indicate that irrigation volumes closely correspond with precipitation patterns; wherein lower 
precipitation in the region subsequently increases the water demand of the agricultural sector. 
For example, in 2011, results from the Agriculture Water Survey indicated a decrease in the 
number of farms with irrigated crops from 1,990 in 2007 to 995 in 2010, with a 40 percent 
increase in water use being owed to a particularly dry growing season in southern Ontario in 
2007, wherein the south-east portion of the province received 85 percent less precipitation than 
normal rates (Statistics Canada, 2011). According to the results from the 2016 Agriculture Water 
Survey, the volume of water used in Ontario for irrigation in 2016 was about five times greater 
than the volume recorded for 2014 (Statistics Canada, 2016). The Ontario Low Flow Maps 
published by the Ministry of Natural Resources and Forestry attribute this increased demand to a 
particularly dry summer in 2016 with an extended period of low precipitation (Ontario Ministry 
of Natural Resources and Forestry, 2016). The issues surrounding agricultural water demand is 
therefore rooted in farmers relying on irrigation during the drier months; wherein periods of low 
precipitation also increase water demand from municipal, industrial and thermal power 
generation sectors. Consequently, conflicts of equitable water allocation can occur among 
various sectors during the drier months. 
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4.3.3 Industrial Water Trends 
 
Industrial water use includes water extracted by various economic sectors, such as 
manufacturing, mining and quarrying, water bottling, thermal power generation, and oil and gas 
extraction. Given that industrial water consumption accounts for approximately 35 percent of the 
province’s total water consumption, the industrial sector inflicts significant pressure on Ontario’s 
water resources (de Loe et al., 2001). Industrial uses of freshwater are vital for Ontario’s 
economy, and thus they are a ‘necessary evil’ in terms of water consumption for industrial 
growth and economic prosperity, in addition to their subsequent strains on local water resources. 
Nonetheless, industrial water demand in Ontario continuous to grow, and Statistics Canada 
(2014) reported that thermal power generation accounts for about 86 percent of the annual water 
withdrawn; therefore, imposing significant pressure on local water resources (Statistics Canada, 
2014). Even though most of the water used by power generation is discharged post-treatment and 
is returned to the original source, van Vliet et al. suggest that in cases of insufficient water 
availability (i.e., periods of drought or higher temperatures in the region), power generation 
could be hindered; therefore raising concerns of energy security (2016). As a result, competent 
and proactive measures that ensure sustainable water use can be economically beneficial for all 
industrial sectors by ensuring continuous production.   
Industrial water users extract raw water directly from the source (i.e., surface or 
groundwater) and the water withdrawn is pumped and treated to be used for their specific 
purposes. For example, water is used either directly as part of a product (i.e., food, beverage or 
water bottling) or in power generation it is commonly used for the purposes of cooling or steam 
production (Rubin, 2017; Renzetti et al., 2015). For self-supplied domestic water users that are 
not connected to a municipal supply system, they withdraw water from their local groundwater 
wells (refer to Section 5.6). However, there are concerns reflecting the impacts of the lucrative 
water-bottling industry on self-supplied domestic users regarding the quantity of water, in 
addition to a lack of regulatory water testing for contamination (Bruce et al., 2017; Grannemann 
& Van Stempvoort, 2016). Many of the industrial water-bottling facilities are located near self-
supplied domestic water users (outside of the boundaries of a municipally treated water supply 
system), and high capacity groundwater pumping can cause aquifer drawdowns and have been a 
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source of conflict with self-supplied water users in the past (Morris et al., 2008; Shortt et al., 
2004). As Ontario’s water-intensive industry continues to grow, the competing demand for local 
water resources is likely to increase among various industrial sectors, in addition to all other 
users of water (i.e., agricultural and municipal sectors).   
4.4 Existing Water Resource Management Initiatives in Ontario 
 
The following section will discuss the current status of source water protection in Ontario 
through detailing a few of the most notable legislations for protecting Ontario’s watersheds and 
its encompassing surface and groundwater sources. It would be an impossible undertaking to list 
all provincial legislations, programs and plans surrounding water management in Ontario; and 
thus, a select few are emphasized. 
4.4.1 Ontario’s Safe Drinking Water Act 
 
The Safe Drinking Water Act, 2002, O. Reg. 170/03, was prompted by Justice 
O’Connor’s Recommendation 67 in the Part II Report of the Walkerton Inquiry, which 
expressively called upon the province to enact the Safe Drinking Water Act (Canadian 
Environmental Law Association, 2002). The Act has set forth a number of important measures to 
protect drinking water consumers, including the following: “mandatory use of licensed and 
accredited laboratories for drinking water testing; mandatory duty to report adverse test results; 
certification of all operators of drinking water systems; licensing regime for drinking water 
systems; broad Ministry of the Environment inspection power and the creation of the Chief 
Inspector; strong prohibitions and penalties; and statutory standard of care upon managers of 
drinking water systems” (Ministry of the Environment, Conservation and Parks, 2019). The Act 
is predicated on sufficient and reliable processes under the MBA to ensure drinking water safety.  
Effective July 1, 2018, amendments to the Safe Drinking Water Act require the owners of 
municipal drinking water systems within Source Protection Areas, under the Clean Water Act, to 
identify and map vulnerable areas around new and expanding drinking water systems. Under the 
amendment, the owners can only apply for a permit once they have confirmation from the Source 
Protection Authority (i.e., Conservation Authority) that vulnerable areas have been appropriately 
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identified, and owners of new and expanding drinking water systems cannot provide water to the 
public until the local Source Protection Plan has been approved and updated by the Ministry of 
the Environment, Conservation and Parks (Environmental Registry of Ontario, 2018). In effect, a 
decentralized and collaborative effort between the owners of new and expanding municipal 
drinking water systems (that are required to identify and map vulnerable areas), Source 
Protection Authorities (that are required to review and confirm the areas mapped), and the 
Ministry of the Environment, Conservation and Parks (the permit issuer) is established to better 
protect drinking water before it is provided to the public. 
4.4.2 Ontario’s Source Water Protection Plans  
 
As outlined in the Clean Water Act, 2006 (established in response to the contamination 
event in Walkerton), the premise of source water protection is based on the “multi-barrier 
approach” to ensure sustainable and safe drinking water starting with the protection of all water 
sources (Ministry of the Environment and Climate Change, 2014). Source water protection 
involves a collaborative provincial initiative between the Ministry of the Environment, 
Conservation and Parks (MECP), the Ministry of Natural Resources and Forestry (MNRF), and 
individual municipalities and Conservation Authorities. The premise of the MBA is to increase 
its water management regimes to be proactive (i.e., pre-waterborne illness events) opposed to 
acting in a reactive nature (i.e., post-waterborne illness events) (Ministry of the Environment and 
Climate Change, 2014). Source water protection is therefore designed to more holistically 
approach water protection of all sources by acting in a proactive nature when dealing with 
uncertainty.     
An important recommendation made by Justice O’Connor following the events at 
Walkerton was that “the precautionary principle should be used as the basis for standard setting” 
(Lindgren, 2003, 18). To act in a proactive nature can be best suited when dealing with 
uncertainty, and protecting the sources of drinking water would also mean protecting the 
biodiversity flourishing within freshwater environments. Effectively, Garda et al. describe that 
source water protection—involving water monitoring and other interconnected activities—
provides a way to better understand surface and groundwater interactions, and it can also be 
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helpful in assessing the state of aquatic ecosystems (2017). As a result, the introduction of source 
water protection in Ontario is a considerable improvement from the water management regimes 
prior to the tragedy at Walkerton. Not only does source water protection provide a more holistic 
approach to safeguarding water sources for human supply needs (i.e., though the MBA), but it 
also promotes biodiversity conservation in freshwater environments.    
Although it was not developed in direct response to the Walkerton Inquiry, the Nutrient 
Management Act, 2002, is also important in the protection of source water. The objective of the 
Act, as stated by the Office of the Auditor General, is “to manage nutrients (including manure, 
fertilizer, compost, and sewage and pulp and paper bio-solids) in ways that will better protect the 
environment, including source water” (Ministry of the Environment and Climate Change, 2014, 
408). Accordingly, the focus of the Nutrient Management Act is predicated on reducing nutrient 
concentration from various agricultural, sewage treatment and other industrial wastes that are 
discharged into water bodies, such as the Great Lakes and their interconnected water systems.  
Studies have quantified many of these nutrients (i.e., nitrogen and phosphorus) in water 
bodies in the Great Lakes, and have found that these nutrients are a major cause of algal blooms 
(i.e., blue-green algae) that degrade ecological health and can be fatal for aquatic life; thus, 
disrupting fisheries and increasing costs associated with water treatment (Bingham et al., 2015). 
Moreover, O’Geen et al. (2010) describe that unlike industrial pollution (which is typically 
considered a “point source” of pollution), nutrient pollution produced by agricultural activities is 
typically a source of “non-point” pollution, meaning it is difficult to trace because of pesticides, 
pathogens, and other nutrients that run-off into water sources (2). As a result, since the effluent 
from agricultural activities is difficult to monitor and control, the province has introduced 
regulations, through the Nutrient Management Act, that focus on practical studies on nutrient 
transport, policy research (i.e., through case study research), awareness and stewardship 
programs for farmers, upgrades to wastewater treatment facilities, and monitoring programs 
funded by both the provincial and federal governments (Ontario Ministry of the Environment, 
Conservation and Parks, 2018a; Ontario Ministry of the Environment and Climate Change, 
2016).  
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Under the Clean Water Act, 36 Source Protection Areas based on sub-watershed 
boundaries are identified in Ontario; 35 of which are within the Great Lakes Basin (Ministry of 
the Environment and Climate Change, 2014). Under Section 28 Regulations of the Conservation 
Authorities Act, individual Conservation Authorities are responsible for preparing and 
implementing individual Source Protection Plans in Ontario (Conservation Ontario, 2018). 
Accordingly, the Conservation Authorities regulate development, expansion, and other activities 
in or adjacent to river or stream valleys, and they are tasked with water/flow supply monitoring, 
ecosystem health monitoring, and other water stewardship programs at the sub-watershed level 
(Conservation Ontario, 2013). Under the source water protection initiative and centered at 
providing safe and reliable drinking water supply for present and future generations, individual 
Conservation Authorities are required to conduct extensive scientific assessments of threats to 
water quality and quantity at local scales (Ministry of the Environment and Climate Change, 
2014). Once accepted by the MECP, plans set out by individual Conservation Authorities are 
designed to ensure that all of their respective water sources (i.e., surface and groundwater) in the 
region are scientifically monitored and assessed to identify and reduce any potential threats or 
vulnerabilities, such as contamination, over-taking or drought (Canadian Environmental Law 
Association, 2012).  
Using the local data obtained by the individual Conservation Authorities, assessments of 
surface and groundwater are carried out in three stages or “tiers” assigning “Water Quantity 
Stress,” and they are predominantly focused on assessing surface and groundwater interactions 
and their seasonal vulnerabilities, and variability of water supply. For example, under Tier 1 
analysis (considered “low stress”), detailed “water budgets” are carried out for individual sub-
watersheds where a record of current water demand (based on withdrawals by sector), actual 
water taking records (reported through the Permit to Take Water program), and hydrologic 
assessments are quantified under the Clean Water Act (Ministry of the Environment and Climate 
Change, 2014). These “water budgets” look at the volume of water that enters a watershed, how 
much is stored, and the volume that leaves the watershed over time (Keller, 2018). This 
information can be useful in that it determines the amount of water available for human uses, 
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while conjunctively ensuring that there is enough water remaining for natural hydrologic 
processes (i.e., to maintain healthy rivers, streams, aquifers and lakes).    
The assignment of “Tier 2” (considered “moderate stress”) and “Tier 3” (considered 
“high stress”) water budgets of surface and groundwater assessments undergo more 
comprehensive assessments in cases where there is a severe threat to a municipal supply system 
(Ministry of the Environment and Climate Change, 2014). These source water protection 
initiatives can also be carried out through various water quality and quantity monitoring 
programs; some of which are addressed in the following section. 
4.4.3 Water Quantity and Quality Monitoring Programs 
 
For the Province of Ontario to monitor its surface and groundwater quality and 
availability and their respective water flows and interactions, there are a few notable programs, 
standards, and conservation efforts in place. Particularly, these programs include the National 
Hydrometric Program (NHP), the Freshwater Quality Monitoring and Surveillance (FWQMS) 
program, and the Provincial Groundwater Monitoring Network (PGMN). The Government of 
Canada has developed and implemented the NHP, which is designed to monitor and record data 
on water levels, velocity and movement, and flows of various surface water sources across 
Canada (Environment Canada, 2018a). The NHP is designed to explicitly monitor water 
quantity, whereas the FWQMS is designed as a water quality initiative under Environment 
Canada to ensure ecosystem integrity of various water sources across the country (Environment 
Canada, 2017). At the provincial level, under both the NHP and the FWQMS, there are 
approximately 576 surface water quantity monitoring stations dispersed throughout Ontario, in 
addition to 187 surface water quality stations across the province that record and register data 
that is publicly accessible through Environment Canada’s websites (Environment Canada, 
2018a; Environment Canada, 2017).  
While the NHP and FWQMS programs focus on surface water quality and quantity; 
across Ontario, under the PGMN, there are currently 489 monitoring wells that have been 
installed and are monitored for groundwater quality and quantity (Government of Ontario, 
2019a). In the Great Lakes Basin alone, there are 358 provincial groundwater monitoring wells 
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under the PGMN (on the Canadian border) and 1,759 monitoring wells under the USGS National 
Water Information System (on the United States border); which collectively monitor the Great 
Lakes’ groundwater networks (see Figure 8). However, Granneman & Van Stempvoort (2016) 
describe that these monitoring wells (both in Canada and the United States) are very deep; and 
thus, it is both expensive and difficult to conduct groundwater quality surveys and only a few 
types of contaminants are often analyzed.  
 
 
Figure 8: Locations of Monitoring Wells in the Great Lakes Basin (Source: Granneman & Van 
Stempvoort, 2016) 
 The data obtained from these water monitoring programs (NHP, FWQMS and PGMN) 
are vital to understanding the current state of water quality and quantity of both surface and 
groundwater sources, and they provide baseline data for the province and can be an indicator for 
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potential drought conditions or water contamination. A detailed map of the PGMN can be found 
on the Government of Ontario’s website; specifying the locations and data for both public and 
private wells that have been tagged and listed (Government of Ontario, 2019a). These programs 
provide baseline data for the province’s Low Water Response Program (discussed in the 
following section) through real-time monitoring data to assist with technical assessments that are 
useful for water management and planning activities (Conservation Ontario, 2018).  
4.4.4 Ontario’s Low Water Response Program  
 
Historically, Ontario has been pressured with droughts marked by prolonged dry periods 
with little precipitation, thus initiating Ontario’s Low Water Response Program (LWRP) in 
1999/2000—a program funded by the MNRF with application by various Conservation 
Authorities (Ontario Ministry of Natural Resources, 2010). The droughts experienced in 
southwestern Ontario occurring from the 1960s into the late 1980s prompted water conflicts that 
eventually led to the formation of the LWRP (Long Point Region Conservation Authority, 2018). 
The program is predicated on a decentralized effort to involve various Conservation Authorities, 
provincial ministries and local municipalities, in addition to a specified Low Water Response 
Team (WRT) comprised of various representatives of the aforementioned groups. Its purpose is 
to collaboratively approach water management in critical times of drought (Long Point Region 
Conservation Authority, 2018). According to the MNRF, there are three levels of low water 
conditions, including (1) the first indication of a potential water supply problem, wherein the 
WRT asks those with permits to take water to voluntarily reduce their water use by 10 percent; 
(2) a potentially serious problem, wherein the WRT asks all permit holders to voluntarily reduce 
their water use by 20 percent; and (3) water supply fails to meet demand, wherein the WRT 
impose mandatory use restrictions on all permit holders (Ontario Ministry of Natural Resources 
and Forestry, 2016).  
It is, however, important to emphasize that the LWRP is designed to be ‘reactive’ and not 
‘proactive,’ and the WRT does not possess any legislative authority; thus, restrictions on water-
taking are only enforced with the onset of drought (Ontario Ministry of Natural Resources, 
2009). Moreover, these programs are predicated on voluntary efforts and responses, and are not 
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enforced by regulation (Durley et al., 2003). Evidently, the current LWRP has room for 
improvement by more long-term conservation approaches and proactive measures to encourage 
competent and sustainable extraction of water resources. Emphasis on the drought periods 
experienced in the province in previous decades can be further expressed by the WRTs to engage 
with local stakeholders about the potential impacts to water resources from drought, and how to 
better prepare for future drought scenarios. Further emphasis can be placed on potential climate 
change impacts on sub-watersheds and local water sources, and its potential for intensification of 
drought within the province (refer to Section 5.8).   
4.4.5 Great Lakes Action Plan 
 
In recent decades, given the significance of the Great Lakes region and its transboundary 
water-sharing agreements between Canada and the United States, many water quality agreements 
have been undertaken to protect the Lakes from contamination and over-taking. Historically, the 
Great Lakes and other interconnected water systems in the region have undergone many water 
quality issues arising from agricultural run-off, chemical spills, industrial discharge, untreated 
municipal sewage and various other contamination events (Ontario Ministry of the Environment, 
Conservation and Parks, 2018a). Some of the key contamination events include an abandoned 
mine in Deloro, Ontario, that contaminated surface and groundwater with radioactive and 
harmful metallic wastes in 1979 (Noble, 2015). Similarly, toxic chemical leaks from a fuel 
storage facility in Smithville, Ontario, from 1985 into 1989, and a chemical plant in Elmira, 
Ontario, in 1989, contaminated the local aquifers and surface water bodies with polychlorinated 
biphenyl (PCB), trichlorobenzene (TCB) and trichloroethylene (TCE); harmful and carcinogenic 
substances (O’Neill et al., 2001).            
These contamination events have had many adverse impacts on the quality of both 
surface and groundwater in the Great Lakes Basin, thus leading to the formation of the Great 
Lakes Action Plan, 1989, which remains an ongoing initiative in part with the Canada-United 
States Water Quality Agreement, 1972, to restore and protect water sources of the contaminated 
sites (Environment Canada, 2018b). Under the Great Lakes Water Quality Agreement, 
Environment Canada identified seven “severely contaminated” sites within Ontario, typically 
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 48 
 
 
 
Andrew Watters  
York University July 2019 
referred to as “Areas of Concern [AOCs],” on the Canadian side of the Great Lakes Basin, 
whereas 22 AOCs are identified in the United States (see Figure 9) (Environment Canada, 2014). 
Notably, four of the seven AOCs in Canada are concentrated in the region of Lake Ontario, with 
three other AOCs present on the edges of Lake Superior; thus reflecting the magnitude of 
industrial, commercial, and other intensive and potentially environmentally harmful sectors 
present within two of the Great Lakes in Canada.  
 
Figure 9: Canadian and United States “Areas of Concern” in the Great Lakes Basin (Source: 
Environment Canada, 2014) 
These AOC sites, as shown in the above Figure (Figure 9), represent the many areas that 
are under federal and provincial responsibility, and they will continue to reflect the extent of 
environmental costs associated with industrial contamination (Environment Canada, 2014). The 
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long-term economic costs, extensive remediation and restoration activities required by Canadian-
United States transboundary agreements serve as a valuable lesson in how quickly and 
significantly contamination can spread into and across our water resources. Industrial, 
commercial, agricultural, chemical, and various other water-using industries are a continuous 
potential threat to the Great Lakes and its interconnected water systems. Given these events and 
how effortlessly contaminated water can travel through groundwater and its interconnected 
surface water channels, it becomes increasingly important to use this knowledge to proactively 
protect Ontario’s water sources, and to extend this protection to sub-watersheds and all its 
interconnected water systems. 
4.4.6 Ontario’s Permit to Take Water (PTTW) Program 
 
 The Ontario Water Resources Act, 1990, which originally passed in 1961, provides the 
regulatory framework to safeguard the sustainable and competent use of water resources within 
the province (CELA, 2012). Under the aforementioned Act, the MECP is responsible for issuing 
and enforcing permits that allow water users to extract a certain volume of water from the 
environment (Ontario Ministry of the Environment, Conservation and Parks, 2017). It is 
commonly accepted among the literature that human extractions of water must be less than or 
equivalent to natural rates of recharge in hydrologic processes to sustainably manage water 
resources (Gleick & Palaniappan, 2010; Kenny, 2006). In effect, the issuing and enforcement of 
PTTWs in Ontario needs to be both efficient and equitable to ensure that water needs of the users 
are fulfilled while also maintaining water flows for environmental needs.   
Under Section 34 of the Ontario Water Resources Act is the PTTW program, whereby 
users extracting more than 50,000 liters of water per day (from either surface or groundwater) 
directly from the source, require a permit and are required to adhere to the regulations of the 
permit (i.e., restrictions during different low flow conditions) (Ontario Ministry of the 
Environment, Conservation and Parks, 2017). All sectors including municipal water suppliers, 
manufacturing, mining, oil and gas, thermal and hydroelectric power generation, commercial, 
industrial, and agricultural extracting more than 50,000 liters of water per day are therefore 
required to obtain a permit (Ontario Ministry of the Environment, Conservation and Parks, 
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2017). No provincial permits are required for water takings under the 50,000-liter threshold, such 
as private wells for individual residences. In review of the Low Water Response Program, permit 
holders are required to adhere to the restrictions of reduced water flow during periods of drought; 
however, in the case of a drought the province relies mostly on voluntary compliance to provide 
relief to water stress in the region, unless the assignment of a high stress (Tier 3) indicator takes 
effect (Ontario Ministry of Natural Resources, 2009; Durley et al., 2003).  
Once a permit has been approved, under Regulation O. Reg 387/04, Water Taking 
Regulation, permit holders are required, by law, to adhere to the mandatory monitoring and 
reporting stipulations set out in their PTTW, and to report their daily water takings to the 
MECP’s Water Taking and Reporting System (Ontario Ministry of the Environment, 
Conservation and Parks, 2017). The permits are designed to continuously monitor water level 
data collected by various sectors, which in turn is beneficial to the government in tracking long-
term trends or alerting them of high or low-level water conditions in addition to the province’s 
own water quantity and quality monitoring programs (ibid).  
Effective January 1, 2009, under Regulation O. Reg. 450/07 of the Ontario Water 
Resources Act, the province introduced a water conservation charge of $3.71 per million liters of 
water extracted by sectors that are “phase one” industrial or commercial water users (i.e., water-
bottling facilities, beverage manufacturing facilities, fruit and vegetables canning facilities, 
ready-mix concrete manufacturers, agricultural chemical manufacturing facilities, non-metallic 
mineral product manufacturing facilities, and other inorganic chemical manufacturing facilities) 
that withdraw significant amounts of water that is not returned to the local watershed (Province 
of Ontario, 2009). After paying an initial permit fee of $750 for low- or medium-risk water 
takings, or $3,000 for those that are considered a high risk to cause an adverse environmental 
impact, effective as of August 1, 2017, those with permits to take water must pay an additional 
$500 for every million liters for a total of $503.71 per million liters of water withdrawn 
(Ministry of the Environment, Conservation and Parks, 2018). This new charge was introduced 
as an initiative by the province to promote water conservation and efficiency. As imposed on 
high consumptive industrial water users, the new charges also serve to recover the costs of 
various water management initiatives undertaken by the province and to supplement funds for 
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future initiatives (Ministry of the Environment, Conservation and Parks, 2018; Renzetti & 
Dupont, 2017). Section 5.6 provides further discussion into the PTTW program. 
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5.0 CHALLENGES FOR MANAGING FRESHWATER IN ONTARIO 
5.1 Introduction 
 
Following the contamination event at Walkerton, protecting Ontario’s water at source 
through source water protection plans (and other legislation) is a broad and well-entrenched 
initiative to safeguard drinking water quality and public health. Under the Clean Water Act, 
source water protection is one of the most comprehensive water protection programs in Canada, 
and possibly in the world. There are copious statutes and policies in place to protect water 
sources for present and future use, in addition to preserving the freshwater ecosystems that 
produce the necessary stock of water resources. However, like with anything human, there is 
always room for improvement. This is especially true when humans exploit non-renewable 
stocks of freshwater (i.e., groundwater) under conditions of low precipitation—such as in times 
of drought and reduced water flows—in addition to increasing global freshwater scarcity that 
further emphasize the increasing value of this resource. From a resource management and 
ecosystem services perspective, there are gaps in what is protected under the source water 
protection initiative in Ontario to account for current and emerging threats, as the following 
sections will illustrate.  
The most notable challenges to managing freshwater in Ontario include reductions in 
government funding to provincial environmental agencies, rapid urban expansion in the GTA 
and its associated land use change, federal contaminated sites in the GTA, illegal contaminated 
soil dumping in the ORM, groundwater over-taking, surface water contamination of micro-
plastics, projected climate change impacts on southern Ontario’s water resources, water 
contamination on First Nations reserves, the Canadian “myth of water abundance,” and the 
environmental implications of Bill 108, More Homes, More Choice Act. These contemporary 
challenges are further discussed in the sections below, and they represent current gaps in source 
water protection; which, to elucidate, involves procedures that “ensure the long-term 
sustainability of the sources of drinking water in the province; reduce health risks and potential 
future costs by effectively managing and protecting drinking water sources in accordance with 
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related legislation; and reliably measure and report on its performance” (Ministry of the 
Environment and Climate Change, 2014, 409).    
5.2 Reductions in Government Funding to Provincial Environmental Agencies  
 
In Canada, protecting surface and groundwater resources and monitoring for ecosystem 
health has historically been the responsibility of municipal, provincial/territorial and federal 
governments. However, reductions in funding for many environmental ministries and 
departments has correspondingly reduced the quality and consistency of monitoring; thus, 
resulting in the fragmentation of monitoring data (Garda et al., 2017). Accordingly, reduced 
funding hinders governments’ abilities to adequately assess water quality and quantity, identify 
and reduce threats to aquatic ecosystem health, update programs and policies to address current 
and emerging threats, and sufficiently and stringently enforce regulations (ibid). The result is an 
increased reliance on the public, citizen scientists, non-governmental organizations, volunteers, 
and various environmental groups to copiously and individually support the province in 
protecting its water sources and ecosystem integrity. Although the decentralization of tasks and 
responsibilities can be more proactive, efficient, more inclusive and overall more reliable for 
managing our water resources, there are concerns reflecting the enforcement capacity of the 
government on certain water-intensive sectors (i.e., the water-bottling industry) (Griswold, 2017; 
Bruce et al., 2017). The laws stipulated by various legislations and regulations are predominantly 
developed to ensure that environmental standards are met and adhered to, such as by citizens, 
industry and various other water-using sectors that pose potential risks to the environment. 
Without adequate enforcement of these laws, one is left to wonder: what is the purpose of 
legislation to start with, and what are the repercussions if these laws are not enforced?  
In Ontario, reductions in government funding for provincial environmental agencies (i.e., 
the MECP and the MNRF) means that they cannot adequately study, monitor, enforce and 
protect its water resources in greater logistic scale. A particular example of the impacts of 
provincial budget cuts to environmental ministries was outlined by the Walkerton Inquiry, 
wherein “budget reductions made it less likely that the MOE [Ontario Ministry of the 
Environment] would have identified both the need for continuous monitors at Well 5 [the 
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contaminated well] and the improper operating practices of the Walkerton Public Utilities 
Commission” (Lindgren, 2003, 8).  
Despite the events that led up to the tragedy at Walkerton, including contributions from 
budget reductions to the MECP (previously referred to as the MOE), provincial budget cuts 
continue to affect the Ministry. For example, in 2006, the MOE retained only about “one-third of 
one percent” (about 0.36 percent) of the total provincial budget for its funding operations 
(Environmental Commissioner of Ontario, 2006, 3). More recently, in 2017-2018, the MECP 
was allocated $764 million dollars, whereas the newly introduced provincial budgets for 2019-
2020, introduced on April 11, 2019 under the Ford Administration, revealed that the Ministry 
will have $631.2 million dollars in funding to allocate towards environmental protection (Ontario 
Nonprofit Network, 2019). The reduced funding for the MECP between 2017-2018 and 2019-
2020 represents a reduction of approximately $132.8 million dollars (or a decline of about 17.5 
percent), respectively. This reduction in funding is likely to hinder the Ministry’s ability to 
develop effective policies to address emerging environmental threats to the province, it is likely 
to even further limit the enforcement capacity of the Ministry, and it is likely to impede on the 
quality of environmentally proactive plans, programs and research studies undertaken by the 
province. The newly introduced 2019-2020 provincial budgets have been increasingly criticized 
among various environmental groups, citizen scientists and the public; being slated by 
Greenpeace Canada as “the most anti-environmental budget in Ontario since the deadly tainted-
water disaster in Walkerton” (Firempong, 2019). 
5.3 Rapid Urban Expansion in the Greater Toronto Area 
 
 Urbanization, defined by Wang et al. (2015) as “the absorption of less developed areas, 
such as agricultural and forest land, by built-up areas, such as residential and commercial land” 
has become a growing global occurrence (1). Many urban areas are hubs for population growth, 
economic development, industrialization and transportation development, and urbanization is 
increasing considerably in the developed world (Vaz & Arsanjani, 2015). This is particularly true 
in southern Ontario. Rapid urban expansion in southern Ontario and in the GTA, in particular, 
has resulted from significant economic growth and growing migration (see Figure 10 for 
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population trends between 1850 and 2011). This growth is so significant that southern Ontario 
holds approximately one-third of the population of Canada; about 12.7 million people of the total 
37 million Canadians (Statistics Canada, 2017). This region, named the “Golden Horseshoe” due 
to its shape (see Figure 11), has been identified as the “fastest growing region in North America” 
(Cadieux et al., 2013). The continued growth in the Golden Horseshoe is expected to increase 
significantly, wherein the Ministry of Infrastructures expressed through the Places to Grow Act 
that the region’s population is projected to increase to 13.48 million by 2041 (Vaz & Arsanjani, 
2015).  
 
Figure 10: Population Trends for Ontario, Canada (Source: Statistics Canada, 2011) 
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Figure 11: Map of the Greater Golden Horseshoe Area (Source: Urban Toronto, 2016)  
 
Figure 12: Map of the Greater Toronto Area (GTA) to include the City of Toronto and the four 
municipalities of Durham, Halton, Peel and York (Source: Toronto Global, 2019)  
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The GTA is the most populous metropolitan area in Canada, which includes the City of 
Toronto and four regional municipalities (Durham, Halton, Peel and York) (Furberg & Ban, 
2008, 131). The above Figure (Figure 12) illustrates where the City of Toronto and the four 
municipalities are situated, to collectively form the GTA. The GTA holds a population of over 6 
million inhabitants, and projections of population growth in the GTA are expected to increase by 
an additional 2.8 million residents by 2041 (Ontario Ministry of Finance, 2016). The rate at 
which urbanization is growing and expanding in the GTA poses particular concern to the 
surrounding natural environments and watershed areas that produce the stock of necessary water. 
While urban regions remain essential for economic prosperity for its urban cores (Nijkamp & 
Kourtit, 2013), they pose significant environmental challenges, resulting in loss of biodiversity, 
environmental degradation and increased pressures on water resources (Vaz & Arsanjani, 2015). 
In effect, urban expansion is studied to have a positive effect on the local economy; however, it 
is typically coupled with adverse environmental impacts by influencing “ecosystem imbalances,” 
as reflected in changes in water quality and declining forest land (Wang et al., 2015, 1). 
Over the last few decades, rapid urban expansion and population growth in the GTA have 
typically occurred at the rural-urban fringe boundary (refer to Figure 13). Studies of urban 
sprawl have identified major land use change through different “cover classes” in the area, 
including low-density built-up (residential areas), high-density built-up (including roads and 
industrial areas), construction sites, agriculture, forest, golf courses, parks/pasture, and water 
(Furberg & Ban, 2008, 132). A 2012 study by Furberg & Ban found that urban growth patterns 
showed significant development from 1985 to 2005, where Durham Regional Municipality’s 
urban areas grew by 53 percent (79 km2); Peel grew by 60 percent (181 km2); York by 108 
percent (234 km2); and Toronto by 1 percent (10 km2) (Furberg & Ban, 2012).  
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 Figure 13: Urban Sprawl in the GTA between 1985 and 2005 (Source: Furberg & Ban, 2012) 
 The type of land cover in a watershed affects the levels of evapotranspiration to the 
atmosphere, percolation and recharge to groundwater aquifers, run-off to surface water bodies, 
and it also influences base flows and critical stream thermal temperatures (Granneman & Van 
Stempvoort, 2016; Takala et al., 2016). As a result, the type of land cover ultimately influences 
natural hydrologic processes; which, in turn, determine the state of freshwater ecosystems and 
their respective ecosystem services.        
Coupled with urban expansion and its associated land use change is more extensive cover 
by impermeable surfaces (such as concrete, asphalt and roofs), that correspondingly alters the 
extent and composition of forests, grasslands, wetlands and other ecosystems (Nelson et al., 
2011). With fewer ecosystem services provided by soil and vegetation, such as water filtration 
and protection against erosion, water quality and quantity can become compromised. For 
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example, studies have found that land use change to impervious surfaces typically increase storm 
water run-off, reduce water quality, degrade and destroy aquatic and terrestrial habitats, and 
diminish the interconnectedness of streams, rivers and other natural landscapes (Barnes et al., 
2015). Habitat fragmentation and the introduction of impervious surfaces therefore limit the 
benefits derived from ecosystem services; ultimately reducing the quality and quantity of water 
resources.  
Moreover, urban areas use large volumes of polluting substances, given their occurrence 
in the manufacture, import, export, store, and transport of various industrial and chemical 
materials; some of which may inevitably contaminate urban sources of freshwater (see Figure 14 
for examples of urban-sourced pollutants) (Granneman & Van Stempvoort, 2016). Throughout 
the Great Lakes Basin, urban groundwater is contaminated by a variety of urban-sourced 
pollutants that are likely to enter the Great Lakes in an estimated “100-year timeframe,” either 
directly through surface water discharge, or indirectly through drainage systems and 
interconnected rivers and streams (Granneman & Van Stempvoort, 2016, 54).  
In addition to fissures in the foundations of old urban infrastructure that allow access for 
pollutants to enter groundwater networks, large urban areas (like the GTA) that have vast 
quantities of impermeable surfaces also require a variety of roads and highways for transport. In 
the winter months, chemicals that are associated with road de-icing (i.e., chloride/salt) for the 
numerous roads and highways represent a serious threat to urban surface and groundwater 
quality. For example, a 2000 survey of 23 springs in the GTA recorded high chloride 
contamination levels of salt, resulting from the winter application of road de-icing salt, ranging 
from <2 to >1200 mg/L (milligrams per liter) (Williams et al., 2000). A 2013 study found that 50 
percent of salt applied to roads and highways in the GTA enters the subsurface, subsequently 
increasing the salinity of groundwater and receiving streams (Perera et al., 2013).   
High concentrations of chloride in water systems pose particular concerns for many 
aquatic species. For example, Granneman & Van Stempvoort (2016) describe that “chloride 
concentrations above 250 mg/L in the base flow can be chronically toxic for many freshwater 
species” (49). The 2000 study by Williams et al. found maximum concentrations of chloride in 
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the GTA to be much higher than the threshold specified by Grannemann & Van Stempvoort. 
Further, studies have quantified increasing chloride contamination in the Great Lakes, which is 
attributed to the groundwater inputs (and inputs from a variety of interconnected waterways) of 
chloride through discharge streams that flow to the Great Lakes (Chapra et al., 2009). Moreover, 
increased chloride concentrations correspondingly increase the costs associated with water 
treatment. Consequently, chloride contamination of freshwater sources adds further pressures on 
both human and ecological systems. It is therefore important to address the use of salt for road 
de-icing within urban areas, and to better understand the cumulative impacts it may have on 
aquatic ecosystems and water quality. 
 As the GTA grows and urban sprawl continues, major problems related to surface and 
groundwater are expected to intensify. This is especially true given the projections of future 
population growth in the GTA, wherein increased populations is likely to increase the 
development of built-up areas; thus, correspondingly increasing the extent of impermeable 
surfaces. As urban centers develop and expand, urban-sourced pollutants will subsequently 
increase in scale across southern Ontario. For this reason, it becomes increasingly important to 
account for cumulative environmental impacts in today’s land use decisions. Accordingly, this 
includes better understanding anthropogenic disruptions of natural systems that provide the 
necessary water purification, water quality, and water quantity that supply the needs of humans 
and ecosystems.  
With the GTA’s population expected to grow by a near 50 percent over the next two 
decades (Ontario Ministry of Finance, 2016), it is logical to expect further continuation of urban 
sprawl and an increase in land use change. Consequently, this is likely to decrease the natural 
land cover (e.g., forests and grasslands) that support ecosystem services, and increase the amount 
of urban-sourced pollutants that enter the GTA’s groundwater systems and ultimately into the 
Great Lakes. As emphasized in chapter 2, it becomes increasingly important to protect our 
watersheds that provide vital ecosystem services that are necessary for the region to thrive. It is 
equally important to make informed land use decisions today to account for environmental 
impacts, where remediation is significantly more costly, environmentally damaging and long-
term when compared with prevention. 
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Figure 14: Common Urban Groundwater Contaminants (Source: Granneman & Van 
Stempvoort, 2016) 
5.4 Federal Contaminated Sites in the Greater Toronto Area 
 According to the definition adopted by the federal government of Canada, a 
“contaminated site” is “one at which substances occur at concentrations [that are] [1] above 
background levels [normally occurring] and pose or are likely to pose an immediate or long-term 
hazard to human health or the environment, or [2] exceeding levels specified in policies and 
regulations” (Treasury Board of Canada Secretariat, 2019). In other words, the key determination 
for including a contaminated site in the government’s inventory is that there is a concentration of 
a particular designated substance in the soil, air, groundwater, sediment, or surface water that 
exceeds the expected levels stipulated in regulations. It is reasonable to expect that the premise 
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of developing “exceedance levels” of specific substances is based on the potential for these 
substances to be harmful to water quality and ecosystems. The accepted levels set out by 
regulations must be designed for the specific intent to control contaminant levels so that they are 
equal to or lower than the critical threshold. Accordingly, anything beyond these levels—
considered “exceedances”—in such natural features including soil, groundwater, surface water, 
sediment, air, or other sources can potentially harm humans and the environment.  
The federal policy framework for addressing “contaminated sites” is governed by the 
Treasury Board Policy on the Management of Real Property, 2006, and is focused on reducing 
and eliminating contaminated sites listed on the Federal Contaminated Sites Inventory (FCSI) 
(Government of Ontario, 2016a). The Treasury Board of Canada Secretariat has a federal profile 
of all listed contaminated sites (see Figures 15 and 16 for examples), and although the details of 
each is available through their website (i.e., specific individual site name, site number and 
reporting branch), there is no information regarding the actual type of contaminant in the site 
areas. The Treasury Board of Canada Secretariat has a list of all various contaminants classified 
under the “Contaminants and Media” overall profile, including petroleum hydrocarbons (PHCs), 
polycyclic aromatic hydrocarbons (PAHs), BTEX (benzene, toluene, ethylbenzene, and xylene), 
metal, metalloid and organometallic, microorganisms, polychlorinated biphenyl (PCBs), 
pesticides, halogenated hydrocarbons, isotopes, energetics, biological/chemical warfare agents, 
and other physical/chemical agents (i.e., pH, temperature, dissolved solids, turbidity, etc.) 
(Treasury Board of Canada Secretariat, 2019). According to the most current information on 
their website, in Ontario there are currently 680 sites that are “high priority for action,” 1,680 
sites that are “medium priority for action,” and 1,243 sites that are “low priority for action” 
(ibid).       
 Although each type of the aforementioned contaminants is identified and mapped within 
the Province of Ontario under the FCSI, there are no details presented by the Treasury Board of 
Canada Secretariat on their specific contaminant, concentrations, or sources of contamination. 
Moreover, there are no concerns issued by the government regarding the proximity to water 
bodies (i.e., the surrounding Great Lakes of Lake Ontario, Lake Huron and Lake Erie) that are 
within reach of these contaminated sites. Nor does the government issue concerns or specifics on 
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their website about how these contaminants are contained within their particular contaminated 
area; and thus, no assurances are made in terms of the potential exposure of these contaminants 
to surface water bodies, groundwater, or other pathways through soil and sediments. The severity 
of this concern is rooted in their proximity to prime agricultural land, source waters and human 
settlements; as is visually obtained through the map on the Treasury Board of Canada 
Secretariat’s website (Treasury Board of Canada Secretariat, 2019).          
 Moreover, the government fails to inform the public on the potentially hazardous 
substances that are present within the FCSI. Although there is an identification of the locations of 
contaminated sites and an overall profile of what these contaminants are, there is no information 
on what these designated substances can inflict on human and ecological health. Sources from 
external research (outside the Treasury Board of Canada Secretariat) suggest that many of these 
contaminants can have serious and sometimes fatal properties if consumed by humans or 
exposed to freshwater ecosystems. For example, PHC and BTEX compounds have been 
independently associated with human health effects; with acute effects ranging from headaches, 
fatigue and dizziness, to chronic exposure that can impair the immune system and decrease white 
blood cell count (Kponee et al., 2015). Moreover, the presence of trichloroethylene (TCE), 
benzene or vinyl chloride in water is particularly hazardous to water quality, human health and 
ecosystem integrity.  
For example, TCE is a chemical substance typically associated with equipment 
degreasers at automotive repair facilities and industrial activities, and is also a breakdown 
product of perchloroethylene, a dry-cleaning chemical. Exposure of this contaminant can cause 
kidney cancer, non-hodgkin lymphoma and cardiac defects in humans, while its carcinogenic 
properties can also be catastrophic to freshwater organisms when spoiled through channels of 
freshwater systems (Agency for Toxic Substances and Disease Registry, 2017). Consequently, 
coupled with increased human populations is a likely increase in industrial, commercial, 
agricultural, chemical, and municipal contamination. As a result, it becomes increasingly 
important to address these “contaminated sites” to reduce the potential impact of contaminants 
through various pathways in the soil, sediment, groundwater, surface water, or other conduits for 
contamination and cross-contamination. It also becomes increasingly important to develop and 
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implement policies that prevent or actively mitigate these impacts. The Policy on the 
Management of Real Property is developed as a guide for remediating contaminated sites in a 
“financially responsible” and “cost-effective” way; however, it is founded on guiding 
remediation by best practice and there is no stringent policy framework to enforce immediate 
mitigation of contaminants (Government of Ontario, 2016a). As we have learned from various 
case studies, proactive resource management is significantly more beneficial and preferred to 
reactive resource management.  
      
Figure 15: Federal Contaminated Sites   Figure 16: Federal Contaminated Sites 
Western Lake Ontario     Markham, Ontario 
 
The above figures illustrate, by example, the listed contaminated sites on the Treasury 
Board of Canada Secretariat’s website (red = active, yellow = potential threat, black = no longer 
active). Many of the identified sites are listed as “no longer active” which demonstrates a 
significant reduction in the overall number of contaminated sites in the specific example shown 
in Figure 15 near the west portion of Lake Ontario. However, a significant cluster of 
contaminated sites (as shown in Figure 16) are currently active in an area south of Newmarket 
and north of Markham. Notably, these contaminated sites are situated near a variety of inland 
freshwater channels in several regions, including Glasgow, Whitchurch-Stoufville, Markham, 
and Mongolia. Their proximity to inland water systems raises concerns of potential contaminants 
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impacting the local water quality and ecosystem health, in addition to their ability to cross-
contaminate by transferring along the interconnected water systems. 
5.5 Contaminated Soil Dumping in the Oak Ridges Moraine 
 The ORM is unanimously known as an environmentally sensitive region that provides 
necessary natural benefits to humans and ecosystems alike. In recent years; however, there have 
been a growing number of environmental experts and citizen groups that have raised concerns 
regarding soil movement from construction sites in the GTA (see Figure 17) to locations on or 
near the ORM (see Figure 18). These concerns are rooted in “contaminated soils” being 
transported from construction sites in and around the City of Toronto and dumped into old 
quarries that are within the boundaries of the ORM (Queen, 2017; Garfinkel, 2016; Welsh, 
2014). For example, in 2014, a Toronto Star report revealed that the province does not track the 
movement of construction fill that is contaminated with dangerous heavy metals and petroleum 
hydrocarbons (Welsh, 2014). According to Welsh, thousands of tonnes of contaminated soil 
taken to farmland in the ORM from downtown condominium projects were “accidentally” 
discovered by neighbours who reported bad odors from soil that is “supposed to be clean” 
(Welsh, 2014). Moreover, the Toronto Star interviewed the executive director of the Ontario 
Waste Management Association, Rob Cook, who said that “at a time when excavation projects 
have spiked, there is a dramatic drop in the number of trucks taking the dirt to the special landfill 
sites that can safely manage toxins; thus leading to the potential for large amounts of 
contaminated soil being improperly managed” (Welsh, 2014). The insufficient monitoring and 
controlling of hazardous soil material is highlighted, meaning that the provincial government is 
not enforcing its legislation in allowing the ORM to be potentially contaminated. The Toronto 
Star also interviewed the Environment Minister at the time, Glen Murray, who said that “better 
controls are needed to deal with this serious issue that [for Murray] is at the top of environmental 
and economic concerns in Ontario” (Welsh, 2014). Despite the Minister’s recognition of the 
illegal dumping of contaminated soils in the ORM, it remains a contemporary issue.  
 According to the Environmental Commissioner of Ontario, when soil is determined to be 
“contaminated” it is regulated as “waste” under the Environmental Protection Act, and there are 
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clearly outlined disposal methods (i.e., proper disposal facilities for the contaminated soil) 
(2015). Dumping contaminated soil at these facilities proves to be at a much higher cost 
compared with dumping “clean” soil material; or soils that are tested and approved by a certified 
laboratory to be under the limits or exceedances as stipulated by the Ontario government 
regulations. The Environmental Protection Agency describe that treatment approaches to 
contaminated soil include the following: “flushing contaminants out of the soil using water, 
chemical solvents, or air; destroying the contaminants by incineration; encouraging natural 
organisms in the soil to break them down; or adding material to the soil to encapsulate the 
contaminants and prevent them from spreading” (Pegex, 2014). Although no exact numbers of 
contaminated soil disposal costs in Ontario can be found in the literature, the process described is 
relatively extensive; and thus, it is logical to assume that it is costly. It is also logical to see how 
at a time when excavation projects have boomed, it is difficult to track the trucks that are hauling 
contaminated soils, and improperly and illegally disposing of these soils. However, this is no 
excuse for the government, especially when the environmentally sensitive and ecologically vital 
ORM is at risk from contamination.  
More recently, in 2016, an article by Ontario Nature reported that despite the many years 
of environmental criticism of the soil dumping in the ORM, contaminated soil (particularly 
petroleum hydrocarbons and heavy metals) from old industrial sites in the GTA continue to be 
dumped into a formal gravel pit in the Durham region (refer to Figure 18). The article also 
addresses that the dumping site is on a groundwater recharge area with some areas described as 
having fissures in the rock; and thus, the likelihood of contaminants leeching into the 
groundwater supply is high (Garfinkel, 2016). A major concern is that there are no existing 
government reports, studies, or apparent enforcement of regulation on the impacts of 
contaminated soil dumping in the ORM. Even more recently, a 2017 article by York Region 
reported that contaminated soil continues to be dumped in the ORM, even though it is managed 
under a number of legislations, including the Aggregate Resources Act, which applies in cases 
where fill is dumped into quarry pits as part of site remediation (Queen, 2017). A major issue 
that is noted by York Region’s article is that specific to soil dumping, it is governed by “strong 
provincial framework,” however the article discusses that if the provincial push is for more 
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underground soil excavation from more intensive transit and condominium development, then 
those projects will generate excess soil that must “find a new home” (Queen, 2017). In effect, 
growing concerns arise among various media outlets regarding the ineffective enforcement 
capacity of the province. This is especially true when contaminated soil continues to be dumped 
in the ORM.  
 
Figure 17: Excavation site in the GTA where soil was removed and transported to the ORM 
(Source: Ontario Nature, 2016)  
The Toronto Star, Ontario Nature and York Region investigations revealed many 
troubling facts to include the lack of transparency between the province and the public, the lack 
of contaminated soil tracking, regulation, research studies, and provincial enforcement of soil 
dumping in the ORM. The dumping of contaminated soils is particularly troublesome near the 
ORM for local surface and groundwater sources—especially when considering the potential 
cumulative effects on the local ecosystems and drinking water quality. There is much uncertainty 
in when the effects of these cumulative soil dumping activities in the ORM will be observed; 
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including its water resources and species (specifically those listed as endangered) that thrive 
within the ecologically vital and sensitive ORM.   
 
Figure 18: Area of gravel pit where contaminated soil is dumped (Source: Vanessa Lu of the 
Toronto Star, 2014)  
5.6 Groundwater: Reliance and Over-taking 
 In Ontario, small municipalities and individuals are particularly reliant on groundwater 
resources; such include Waterloo, Guelph, and Kitchener, whose municipal systems draw 
directly from aquifers (TRCA, 2018). In southern Ontario, not all municipalities are located 
within a close enough proximity to a surface water resource and are thus dependent on 
groundwater to support their daily needs. Instead of fitting extensive and costly pipelines to 
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transfer water from the large wastewater treatment facilities within the GTA, it is often more 
reliable and cost-effective for communities that are far from a municipal water supply system to 
withdraw their water from groundwater sources (Ministry of the Environment and Climate 
Change, 2014). For this reason, more than 25 percent of Ontario’s population relies on 
groundwater, representing approximately 3.5 million residents, as their primary source of water 
(see Figure 19). In addition to the residential needs of groundwater as their primary source, 
groundwater also serves as a source of water supply for agricultural, industrial and institutional 
operations (Bruce et al., 2017). Considering the dependency of the aforementioned sectors on 
groundwater sources in Ontario, it is also important to elucidate that on a human timescale, 
groundwater is effectively a non-renewable and “finite” resource because of its slow recharge 
rates (Gleick & Palaniappan, 2010). In southern Ontario, the rate of recharge is highly variable 
and dependent on the source of the aquifer, ranging from 10 years to upward of 10,000 years 
(Khader, 2017).  
Moreover, just as there is a question of the volume of groundwater that can be extracted 
due to the varying rates of recharge in Ontario, there is also a question of timing (e.g., with the 
onset of drought). In southern Ontario, summer and early fall are typically marked by decreased 
water availability during periods of low precipitation; and thus, increased conflicts can occur 
among various agricultural, domestic and industrial users (Morris et al., 2008; Shortt et al., 
2004). Further, the sub-watersheds in the southern region of Ontario also lose the highest amount 
of water naturally by evaporation when compared to other regions in Canada (Maghrebi et al., 
2015). The result is a reduction in water level that correspondingly reduces the amount of surface 
and groundwater available for extraction. With these hydrologic factors under consideration, 
groundwater quantity and groundwater management remain a major challenge in southern 
Ontario, which this section will address.  
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 70 
 
 
 
Andrew Watters  
York University July 2019 
 
Figure 19: Percentage of Provincial Populations that are Reliant on Groundwater (Source: 
Environment and Climate Change Canada, 2016) 
In 2010, the Canadian Council of Ministers of the Environment (CCME) surveyed and 
reported on the views of 104 Canadian groundwater regulators, consultants, researchers, and 
users regarding the knowledge and knowledge gaps of linking surface and groundwater for the 
purposes of groundwater management (CCME, 2010, 1). It is the only survey of its kind in 
Canada, and it was revealed that there are significant knowledge gaps among those interviewed. 
In particular these include knowledge gaps on groundwater quality, mapping and 
characterization, monitoring, sustainability, and understanding the linkage between surface and 
groundwater (CCME, 2010, 4-6). The survey also revealed that there are significant challenges 
to the interpretation, implementation, enforcement and compliance of regulations, in addition to 
the lack of funding for provincial ministries and a lack of recognition of the value of 
groundwater as a resource (CCME, 2010, 11). Although the survey is nation-wide, it discovered 
that generally, Canadian professionals in the field of groundwater-related resource management 
do not fully understand the mechanisms of groundwater management and the difficulties that 
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surround it. The results of the survey demonstrate the uncertainty and complexity of managing 
groundwater in a knowledgeable and responsible way, thus posing particular challenges for its 
sustainable use.   
Due to its hidden nature, groundwater cannot be visually observed in the same way as 
surface water. Poor groundwater quality can have devastating implications, and we have seen 
issues of groundwater contamination before. For example, the infamous Love Canal in Niagara 
Falls, United States, was one of the first recognized sites of groundwater contamination in the 
1960s. The United States Environmental Protection Agency (USEPA) became aware of the 
impacts of groundwater contamination when decades of chemical dumping in the Love Canal 
resulted in toxic leeches through various soil and sediments and into the groundwater, ultimately 
pouring into residential zones and consequently degrading various forest, vegetation and soils 
(USEPA, 1979). By the early 1970s there were 800 homes and 250 apartments in the region, and 
complaints of odors exploded among the residents; thus prompting the New York Department of 
Health to conduct an investigation that later found hazardous chemicals (i.e., pesticides and 
dioxin) as a serious threat to human health. The results of contamination were significant, 
wherein many children born between 1974 and 1978 had birth defects, and miscarriage rates had 
increased 300 percent in the same period. The contamination event at Love Canal was so 
impactful that it established the very first Environmental Protection Agency’s “superfund” 
project (USEPA, 1979).           
In addition to Walkerton, the example of the infamous Love Canal should never be 
forgotten and should serve as a reminder of what can result from incompetent source water 
management, poor regulations, and inadequate enforcement of those regulations. In Ontario, 
recent measures to protect groundwater from contamination have been, for the most part, quite 
successful. Since Walkerton, source water protection under the Clean Water Act has been at the 
forefront of safeguarding water sources from contamination that could ultimately infiltrate the 
drinking supply. As a result, high praise should ultimately be given to the accomplishments of 
source water protection plans (and other legislation, such as the Nutrient Management Act) in 
Ontario.  
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Despite the successes of the Clean Water Act and its robust source water protection 
initiative, there are considerable concerns rooted in groundwater over-taking and groundwater 
quantity within southern Ontario. Among many conflicts over competing water uses (i.e., 
domestic, agricultural and industrial), the recent controversy over water-taking by the lucrative 
water-bottling industry (i.e., Nestlé Canada) across southern Ontario has triggered profuse public 
outrage. In recent years, issues of groundwater over-taking have predominantly centered on the 
millions (if not billions) of liters of water per day that Nestlé Canada extracts from various 
aquifers across southern Ontario. For example, watersheds in the City of Guelph, the Township 
of Centre Wellington, and the Town of Elora, Ontario, are such locations that have triggered 
significant public upset over Nestlé Canada’s extraction of large quantities of groundwater 
(Butler, 2017; Bruce et al., 2017).  
In Ontario, the extraction of water for bottling comprises about one percent of total 
groundwater withdrawals (Rutherford, 2004). This amount may not seem to be a great deal in the 
grand scheme of total water withdrawal in the province. However, the main reason why water-
bottling has become such a concern is because bottled water is entirely consumptive; meaning 
that unlike water used for other sectors (i.e., power generation and domestic use), all of the water 
extracted by the bottled water industry is not returned to the local ecosystem from which it was 
taken (Rutherford, 2004). Bruce et al. (2017) suggest that this is likely to interfere with the 
ability of the aquifer to recharge; however, the lack of available data in Ontario (i.e., no 
systematic inventory and data keeping of groundwater levels) makes it difficult to find reliable 
information about overall trends in groundwater levels in the province (2). Nonetheless, the 
literature confirms that excessive groundwater pumping can cause hydrologic disturbances 
during dry seasons (Gleick & Palaniappan, 2010), and that southern Ontario has experienced 
increased frequency and intensity of drought in recent years (Sutherland, 2016). Despite the 
onset of drought, Nestlé Canada continues to extract large quantities of water annually at little 
cost to the corporate giant (i.e., $3.71 per million liters per day) (Butler, 2017). 
Furthermore, effective January 1, 2017, under the Ontario Water Resources Act (O. Reg. 
463/16), the Province of Ontario authorized a two-year moratorium that prohibits new PTTWs to 
be issued by the MECP for bottling purposes. Prior permit holders, however, can continue 
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extraction if their permit was issued prior to December 16, 2016 (Ministry of the Environment, 
Conservation and Parks, 2018; Government of Ontario, 2016b). Before the implementation of 
the moratorium, in the summer of 2016, the Township of Centre Wellington was outbid by 
Nestlé Canada for water-taking rights to a local water supply well (Jones, 2017). The purchase of 
this well gained international attention because of the province’s difficulties in conserving water 
supply during drought, and Nestlé Canada’s ability to financially obtain water rights from 
domestic users (ibid). The Township of Centre Wellington soon became an area of interest 
among various environmentalists and policymakers who were seeking to change provincial 
regulations of the PTTW program. For example, many Canadians and environmental groups 
(i.e., the Council of Canadians and Wellington Water Watchers) argued that the inability of the 
Township to secure rights to its own supply of drinking water demonstrates the inability of the 
MECP to protect municipalities’ access to water from multi-national companies (Bruce et al., 
2017; Jones, 2017; Council of Canadian Academies, 2009).     
Despite the extensive international attention over the rights to a supply well in the 
Township, Nestlé Canada continues to run its intensive water-taking operations on expired 
permits, as allowed by the provincial government. For example, in 2017, the MECP allowed 
bottled water companies to withdraw up to 7.6 million liters of groundwater per day on expired 
permits in Wellington County, and Nestlé Canada’s permits and water-taking locations in 
Aberfoyle, Ontario, and Erin, Ontario allow the multi-national company to extract up to 4.7 
million liters of water per day (Butler, 2017).       
Available data on active PTTWs within Ontario can be found on the Government of 
Ontario’s website (see Figure 20), which also details the permit number, permit holder name, 
purpose, source type, and maximum liters per day that can be withdrawn (Government of 
Ontario, 2019b). The database, however, does not record the amount of water actually extracted 
and used by each permit holder (i.e., users taking more than the maximum), nor does it describe 
whether the amount of water varied over time (i.e., users taking less than the maximum). 
According to the database, Nestlé Canada maintains eleven water-taking permits in Wellington 
County for the purposes of water-bottling. Collectively, these permits allow a maximum 
extraction of 22,067,000 liters per day, with nine of these permits allowing year-round access 
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(Government of Ontario, 2019b; Bruce et al., 2017). Accordingly, even though the PTTW 
program is predicated on ensuring that water needs of the users are fulfilled while also 
maintaining flows for environmental needs (Ontario Ministry of the Environment, Conservation 
and Parks, 2017), there are various discrepancies and inconsistencies surrounding the integrity of 
the program. This is particularly true when bottled water companies continue to extract the 
maximum allowable amount of water during times of drought; and perhaps, even more than the 
maximum.  
 
Figure 20: Maps – Permits to Take Water (Source: Government of Ontario, 2019b) 
 In addition to source water over-taking and loopholes in provincial regulations 
surrounding the PTTW program and its year-round water-taking access, there are concerns 
reflecting the MECP’s ability to recover fees owed to the government by various permit holders. 
For example, from the most current available information, in 2014, there were over 6,000 permit 
holders taking water in Ontario, and the MECP only recovers “about $200,000 of the $9.5 
million direct annual program costs attributed to water-taking by industrial and commercial 
users” under the PTTW program (Ministry of the Environment and Climate Change, 2014, 412). 
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As a result, not only does the provincial government lose money on its annual program costs in 
maintaining the PTTW program, but water-taking corporations are also not being enforced by the 
province to pay fees owed to the government. Although the fees may be collected in time, 
currently the permit holders are extracting water at little to no cost. Both the Province of Ontario 
and its citizens are therefore the ultimate ‘losers’ of the PTTW program; particularly the smaller 
municipalities that no longer have access to their local groundwater supplies.  
Moreover, the charges associated with the MECPs permits to take water have been 
widely criticized for being insufficient. In 2016, these insufficient charges were acknowledged 
by the Minister of the Environment and Climate Change at the time, Glen Murray, who indicated 
that water costs under the PTTW program are too low, and that water is unfairly priced and the 
province needs to “revamp its decades-old regulations around commercial water use” (Butler, 
2016). Despite this recognition of underpriced water by the Minister in 2016, it remains a 
contemporary issue.           
It is commonly accepted among the literature that in free markets, increases in the 
scarcity of a resource will incrementally and subsequently increase its relative market price 
(Henckens et al., 2016; Farley et al., 2015). However, in Ontario this is not the case. Water 
pricing in Ontario does not reflect its true value, and consequently households and industry are 
paying very little for water withdrawal and consumption. This is also true across Canada as a 
whole, which can be observed by comparing water pricing and consumption trends to its global 
counterparts (see Figure 24 in Section 5.10). Water use has been regulated insufficiently, and this 
is particularly true for industrial sectors where water remains to be an underpriced and therefore 
over-extracted resource (Environmental Commissioner of Ontario, 2015; Klamar, 2015). This is 
especially challenging for Ontario in ensuring sustainable water use to account for future water 
demand, wherein climate change, urbanization, and various other factors are likely to hinder the 
quantity of water available for withdrawal and consumption.  
 Not only are there concerns reflected in the highly controversial PTTW program, but 
bottled water companies are also a contributor to plastic pollution. Although plastic pollution is 
beyond the scope of this paper, with the exception of micro-plastics in the Great Lakes 
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(discussed in the following section), it is estimated that Nestlé Canada produced “more than 3 
billion plastic bottles in Aberfoyle, Ontario [alone] since their permit expired in 2016” 
(Calzavara, 2019). Considering the current and future state of water resources in southern 
Ontario, the ‘myth of water abundance’ is challenged from uncertainty in freshwater supply in 
addition to growing and competing demands for this resource. As long as water is considered as 
a free, unregulated, and abundant commodity in Ontario, there will likely be dire socioeconomic 
and environmental implications of future water use if the PTTW program is not corrected to 
properly value water resources.   
The Government of Ontario has extended the moratorium of water-bottling permits to 
January 1, 2020, and the MECP plans to “review the province’s water taking policies, programs 
and science tools to ensure that vital water resources are adequately protected and sustainably 
used” (Government of Ontario, 2019b). It is critical that within this time, the MECP develop 
water pricing to sufficiently reflect the value of water, and to develop policies that limit the 
amount of water that can be extracted during times of drought and low precipitation. However, 
while the moratorium for water-bottling permits has been extended, permit holders prior to 
December 16, 2016, continue to extract large quantities of source water. Consequently, the more 
time it takes the province to reform its policies and issue new regulations, companies like Nestlé 
Canada will continue to exploit Ontario’s water resources; at little cost, in times of drought, and 
at unsustainable rates.   
5.7 Surface Water Contamination: Micro-Plastics in the Great Lakes 
Ontario’s surface water resources have long been impacted by contamination from 
agricultural, industrial, commercial, chemical, institutional, and various other sectors (Ontario 
Ministry of the Environment, Conservation and Parks, 2018). Many of these sectors have been 
targeted by increased legislation with the aim to reduce the potential for contamination (i.e., the 
Nutrient Management Act), and also by introducing transboundary agreements (i.e., the Great 
Lakes Protection Act) to remediate AOCs and improve the overall water quality of the Great 
Lakes (Ministry of the Environment and Climate Change, 2014).   
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There is, however, an emerging threat to Ontario’s surface water resources that is not 
being addressed in current policy and regulation. Among the multiple human pressures on 
aquatic ecosystems, the accumulation of plastic debris in freshwater environments is largely 
underrepresented in the academic literature. In recent years, studies into plastic contamination 
has gained traction and is relatively well-understood in marine (ocean) environments. However, 
in freshwater environments, its impacts remain understudied and virtually undefined; wherein 
less than four percent of microplastics-related studies are reportedly associated with freshwater 
ecosystems (Li et al., 2018). The fact that we know micro-plastics are present in our freshwater 
ecosystems, and are doing very little about it, is deeply concerning. It is therefore critical that we 
address concerns over the volume and concentration of plastics—in particular, “micro-plastics” 
and its associated micro-fibers, beads, fragments, nurdles and foam—where recent studies have 
documented an increasing occurrence of micro-plastics in the Great Lakes (Driedger et al., 2015; 
Eriksen et al., 2014). It also becomes a critical point to address micro-plastic contamination in 
drinking water supply, where a growing number of researchers are turning to the possibility of 
micro-plastics present in drinking water consumables; post-treatment at wastewater treatment 
facilities (Pivokonsky et al., 2018; Anderson et al., 2016; Driedger et al., 2015). For this reason, 
the reliability of the current MBA to source water protection is threatened by emerging concerns 
of micro-plastic contamination.  
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Figure 21: Locations and Percentages of Plastic Litter for the Great Lakes (Source: Driedger, 
2013)             
 “Micro-plastics” refer to plastic particles that are less than 5 mm (milometers) in size 
(Anderson et al., 2016), and the main sources of plastic pollution are from landfills, industrial 
waste, careless disposal of consumer products and skin care cleansers (i.e., polypropylene that 
are flushed into wastewater after use), and storm water and agricultural run-off (Dris et al., 2015; 
Eriksen et al., 2014). A variety of micro-plastics are also broken down from larger plastic debris, 
and Figure 21 displays the results from a 2013 study that mapped plastic debris along the 
beaches of the Great Lakes, with the highest concentrations found in Lake Michigan and Lake 
Erie, respectively (Driedger, 2013). These plastic debris also have the capacity to transfer 
through the different channels of the Great Lakes, thus making the interconnected Lakes 
susceptible to one another. Moreover, recent studies suggest that wastewater treatment plants 
(WWTPs) are also a large source of micro-plastics because they are not required to monitor 
micro-plastics in effluent, and many WWTPs in the Great Lakes region are not equipped with 
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micro-filtration or micro-screens; thus ironically acting as a secondary source through 
wastewater effluent (Dreidger et al., 2015). 
 Although the occurrence of micro-plastics in freshwater environments is 
underrepresented in the literature, there are a few studies that have documented their presence in 
the Great Lakes. For example, a 2014-2015 study published by the USGS found that in the Great 
Lakes, “plastic particles were found in all 107 analyzed samples, and 72 percent were less than a 
millimeter in size” (Baldwin et al., 2016, 4). Moreover, a 2015 study found that of all the Great 
Lakes, the highest concentration of micro-plastics was observed in Lake Michigan, where more 
than two dozen fish were studied and micro-plastics were found in each subject (Driedger et al., 
2015). These small plastic fragments are often mistakenly ingested as food by fish and other 
aquatic life, which can cause abrasions or blockages that can lead to starvation (ibid). Further, 
micro-plastics pose negative consequences for ecosystem processes, such as decomposition and 
nutrient cycling, and present risks for food web dynamics through the bioaccumulation of micro-
plastics in lower trophic levels that transfer up the food chain (Horton et al., 2017). Not only are 
the fish affected by micro-plastics, but humans that consume fish with micro-plastics are also 
ingesting these particles. However, research studies have yet to quantify this as an occurrence in 
freshwater environments.        
In 2018, the Government of Ontario acknowledged that they are aware of micro-plastics 
contamination in the Great Lakes, when the Ontario Minister’s Annual Report on Drinking 
Water, 2018, revealed that monitoring and studies in Lake Ontario and Lake Erie “have found a 
variety of micro-plastics in lakes, streams, wastewater, sand/sediment and species of fish,” and 
that “the ministry will analyze micro-plastics in drinking water as well as the effectiveness of 
treatment methods to remove micro-plastics in drinking water systems” (Ontario Ministry of the 
Environment, Conservation and Parks, 2018). The Government of Ontario therefore 
acknowledges the occurrence of micro-plastics in the Great Lakes, in addition to their potential 
to enter the drinking water supply. Studies into micro-plastics entering our consumables; 
however, is largely understudied and unknown at this current point in time. Some researchers 
argue that Canadian and United States wastewater treatment regulations make no provision for 
micro-plastic debris, and that future research should include a thorough review of current micro-
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plastic removal efficiencies of WWTPs surrounding the Great Lakes region (Driedger et al., 
2015; Eriksen et al., 2014). It therefore becomes increasingly critical to address issues of micro-
plastics in the Great Lakes (and ultimately in our drinking water supply) to be proactive in 
maintaining the quality of water supply for both humans and ecosystems. Evidently, further 
research is required to obtain a better understanding of micro-plastics and their sources, policy 
gaps, and impacts to humans and freshwater ecosystems.   
5.8 Projected Climate Change Impacts on Southern Ontario’s Water Sources 
Centered on historic baseline assessments, summer and early fall in southern Ontario are 
typically marked by decreased water availability during naturally occurring periods of increased 
evapotranspiration and its corresponding low precipitation (Sutherland, 2016; Morris et al., 
2008). Lower precipitation subsequently results in a reduction in water levels that affect both 
surface and groundwater availability. Consequently, coupled with the already uncertain water 
supply during these seasons (i.e., reduced water levels in drier months), there is a corresponding 
increase in water demand among various domestic, industrial and agricultural water users, 
therefore posing a threat to equitable water allocation and distribution among users (Bonsal et al., 
2011; Morris et al., 2008; Shortt et al., 2004).   
In the Canadian context, the sub-watersheds in the Province of Ontario lose the highest 
amount of water naturally by evaporation during the summer months as compared to other 
Canadian provinces (Bonsal et al., 2011). Further exacerbating the vulnerability of Ontario’s 
water quantity in the summer months, various greenhouse gas scenarios are projecting that 
southern Ontario is particularly susceptible to an increase in both the frequency and intensity of 
droughts due to increasing mean temperatures (McDermid et al., 2015; Wang et al., 2014). With 
increasing surface temperatures, more volumes of water sources are lost due to evaporation; thus 
lowering lake and groundwater levels. Changes to the hydrologic cycle will likely include 
alterations in the timing, rate, and volume of water that recharges groundwater systems. This will 
subsequently have a ‘ripple effect’ on surface water resources, wherein the quality and 
availability of surface and groundwater for drinking supply and maintaining valued ecosystems 
(i.e., cold water fish in streams) will also likely be affected by changes in thermal temperature 
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(Grannemann & Van Stempvoort, 2016). With these hydrologic factors under consideration, 
changes to the rate of water replenishment (i.e., recharge-discharge) between surface and 
groundwater levels across the province are likely to affect humans and ecosystems.  
The projections of future climate change for the Province of Ontario pose serious 
concerns regarding the quality and availability of future water resources. Warming is projected 
across the entire province throughout the 21st century, with the greatest increase (as anticipated 
by various climate scenarios) projected to be upwards of 10.3 degrees Celsius by 2080 
(McDermid et al., 2015). Across the province, warming is projected to increase winter 
temperatures ranging from 1.1 to 3.9 degrees Celsius, and in the summer periods warming is 
projected to increase temperatures ranging from 1.2 to 9.8 degrees Celsius by 2080 (McDermid 
et al., 2015). Moreover, Wang et al. (2014) predict a likely raise in mean temperature in Ontario 
to 6 to 8 degrees Celsius by the end of the century (7). These projections are indicative of more 
frequent and intense droughts in the region that illustrate a threat to future water quality and 
availability.             
The literature suggests that temperature is one of the most important drivers in 
maintaining healthy aquatic ecosystems (Maghrebi et al., 2015), and that species are 
physiologically adapted to specific thermal temperatures such that “the availability of suitable 
thermal habitat has an influence on their growth, survival, timing of reproductive events and 
distribution” (Grannemann & Van Stempvoort, 2016, 40). Accordingly, changes to water 
temperature from climate change will not only affect humans by a lesser supply of potable water, 
but it will also impact freshwater organisms that depend on specific thermal temperatures for 
their survival. 
In addition to the projected mean temperature increases in southern Ontario, studies have 
quantified its corresponding impacts on changes in total precipitation. By 2080, more 
precipitation is projected in the winter (i.e., upwards of 158 mm from historic mean levels) and 
less precipitation is projected in the summer (i.e., with a range of 69 to 48 mm less precipitation 
than historic baseline levels across the province) (McDermid et al., 2015). The imbalance of 
precipitation levels indicates increased snowfall and flooding in the winter, and decreased rain in 
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the summer months; when water resources are already stressed by naturally occurring dry 
periods with low precipitation. Moreover, hotter mean temperatures is likely to increase water 
demand among domestic, industrial, agricultural, and various other sectors, in response to the 
increased temperatures and reduced water availability. 
Changes in mean temperature and precipitation levels are not the only factors of climate 
change that are likely to impact source water quality and availability. Within the GTA, the 
Toronto and Region Conservation Authority (TRCA) discuss that changes in climate are also 
likely to affect water quality and quantity, in addition to wastewater infrastructure. Accordingly, 
the TRCA describe that at times of extreme precipitation events, heavy rain can force wastewater 
to enter rivers and streams, it can damage infrastructure, erode stream and river banks, and flush 
polluting substances (e.g., oil, lawn fertilizers and animal waste) into waterways  (TRCA, 2019b, 
para. 9). In contrast, at times of little amounts of precipitation, the TRCA discuss that warmer 
water temperatures and increased evapotranspiration in the Great Lakes and other various 
interconnected water bodies may allow new waterborne pathogens to move northward or existing 
ones to flourish (TRCA, 2019b). The introduction of new waterborne pathogens is particularly 
worrisome, and Moreira & Bondelind (2016) emphasize that the occurrence of waterborne 
disease outbreak may have significant impacts for drinking water, and that due to climate change 
and its increased potential for waterborne disease outbreak, “drinking water treatment plants are 
likely to face increased uncertainty in safeguarding the quality of its water” (83).   
In review of the overall projected climate change scenarios in Ontario, there appears to be 
an imbalance in the projected levels of precipitation, such that the winter seasons are projected to 
receive an excess amount of precipitation, whereas in the summer (drier) months there is an 
anticipated lesser amount of precipitation. In either case, the adverse effects of climate change on 
freshwater systems can aggravate the impacts of other human stressors, such as population 
growth, continuous and growing economic activity, urban expansion and its associated land use 
change, surface water contamination, and over-taking of groundwater.    
Globally, water demand is likely to grow in the coming decades, primarily due to climate 
change, population growth and its corresponding increased demand for water to serve the 
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growing human needs for drinking, irrigation and the economy. Climate change impacts, such as 
higher mean terrestrial and aquatic temperatures, and increased precipitation variability, are 
predicted to impact southern Ontario. Given the past, current and future susceptibility of 
southern Ontario to experience water quality and quantity issues, water supply is likely to remain 
uncertain amidst climate change, population growth, and various other pressures.  
5.9 Water Contamination on First Nations Reserves 
There is nothing more important than clean and safe drinking water, and the events at 
Walkerton, Ontario emphasized this importance. Following the Walkerton tragedy, Justice 
O’Connor identified First Nations in Ontario as “having some of the poorest quality of water in 
the province” (O’Connor, 2002). Even though the Walkerton Inquiry sparked a generational shift 
in how the province safeguards its citizens from drinking water contamination, many First 
Nations communities remain threatened today with poor water quality and water standards. 
These concerns are echoed by a wide variety of environmental groups, such as the Council of 
Canadians (see Figure 22), who say that “the lack of clean, safe drinking water in First Nations is 
one of the greatest violations of the UN-recognized human rights to water and sanitation” 
(Council of Canadians, 2019).  
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Figure 22: Water Crisis in First Nations (Source: Council of Canadians, 2019) 
In 2011, of the 77 wastewater treatment systems that serve 67 First Nations communities 
in Ontario, 28 were categorized as “high overall risk,” 38 were categorized as “medium overall 
risk,” and 11 were categorized as “low overall risk” (Burnside, 2011). Many First Nations 
communities in Ontario (in particular, 105 out of 133) are located outside the boundaries of a 
Source Protection Area; and thus, they are exempt from regulations stipulated under the Clean 
Water Act (Burnside, 2011). As of 2016, drinking water advisories—or, notices that alert 
communities when their water is not safe to drink—were highly concentrated in Canada’s First 
Nations communities, to the extent that in 134 water systems (90 of which were in Ontario), 
drinking water advisories were issued in 85 First Nations reserves (Human Rights Watch, 2016). 
In response to the ample number of drinking water advisories that were issued to First Nations 
communities, the Human Rights Watch (an international non-governmental organization) 
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conducted a study into the water quality at 6 First Nations reserves in Ontario; namely, Six 
Nations of the Grand River, Batchewana, Shoal Lake 40, Grassy Narrows and Neskantaga (see 
Figure 23 for reserve locations). Their study found seriously harmful contaminants in drinking 
water, including chloroform, E. coli, cancer-causing trihalomethanes, and uranium (Human 
Rights Watch, 2016).            
Many non-governmental organizations and environmental groups attribute the poor 
drinking water quality in First Nations reserves to the lack of regulations on water quality on 
First Nations reserves, continuous under-funding and inconsistent budgeting for water system 
costs (i.e., operation and maintenance costs), lack of support for household water and wastewater 
systems, worsening conditions of source water due to increased industrial pollution, and a lack of 
capacity and support from the provincial and federal governments for water operators (Council 
of Canadians, 2019; Human Rights Watch, 2016). Many challenges face the First Nations 
communities in Ontario; people that are environmental advocates and are spiritually and 
culturally connected to water, air, land, and all things ecological. Moreover, all First Nations, all 
Ontarians, all Canadians, and all people of the world require access to clean and safe drinking 
water for survival. The right to sanitary water should entitle everyone; however, decades of 
failure to fulfill the rights to water and sanitation have caused significant harm to First Nations 
communities, and they reflect poorly on the world’s perception of the Government of Ontario in 
safeguarding its citizens from poor water quality and standards.   
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Figure 23: First Nations Communities that were studied by Human Rights Watch for Water 
Quality (Source: Human Rights Watch, 2016) 
 
5.10 The Canadian “Myth of Water Abundance” 
Various regions around the world are experiencing growing concerns of freshwater 
scarcity due to extreme human pressures of contamination and over-taking, and further 
exacerbating these pressures is anthropogenic climate change (Gleeson et al., 2017; Richey et al., 
2015). Ontario is no different from the rest of the world in that it exerts a variety of human 
pressures on its water systems, and climate change (as a global issue) is likely to further impact 
our ability to manage these resources. There is, however, a key difference in terms of the volume 
and accessibility of Ontario’s freshwater compared with the rest of the world; where Ontario is 
the envy of the world with its ‘abundance’ of this valuable resource. The Province of Ontario has 
copious legislation echoed by the Clean Water Act and a variety of other statutes designed to 
protect and sustain the sources of freshwater within the province. Even so, increasing demands 
on Ontario’s existing water resources, contamination, and unsustainable water exploitation 
remain a current threat to the province and are often overlooked; owing to the ‘myth of water 
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 87 
 
 
 
Andrew Watters  
York University July 2019 
abundance’ that continues to persist in the region. For many Canadians, water is the 
underpinning of our national identity and we take great pride in Canada as having one of the 
world’s largest supplies of freshwater on the planet. This view has been echoed by the 
Government of Canada, who have relayed to the public that “Canada may be considered a 
freshwater-rich country” (Natural Resources Canada, 2017). As a result, many Canadians and 
Ontarians believe that a quarter of the world’s freshwater supply is found in Canada, ultimately 
adding to the perception that Canada has a near unlimited supply of this valuable resource. 
However, this abundance is more myth than reality, as the following will illustrate.  
Canadians are often told by their politicians and media outlets that we have ample 
amounts of freshwater within our lakes. One reason for this perception is that we have abundant 
places for water to collect, such as in the depressions left by receding glaciers from thousands of 
years ago, that can be visually observed in abundance across the country (Schindler, 2006). In 
Ontario, most of these depressions are apparent in the Great Lakes, in various swaths of wetlands 
and smaller lakes within Algonquin Provincial Park, the ORM, and many other bodies of water 
that are entrenched within provincial boundaries (Schindler, 2006). However, having more 
Basins to catch rain does not mean that the province receives more precipitation. This is also true 
across Canada as a whole. In fact, when compared to its global counterparts, Canada gleans on 
average much lower annual volumes of precipitation. The Food and Agriculture Organization 
(FAO) of the United Nations report that Canada receives about 537 mm of precipitation per year; 
which, when compared to its global counterparts, is ranked 134th out of 177 (from highest to 
lowest in annual precipitation volume) (United Nations, 2014b). Contrary to common belief, 
Canada’s annual rate of precipitation is much less than when compared to most other countries. 
On a global scale, the fact that Canada is above average in the amount of freshwater resources, 
but below average in the amount of annual precipitation, further emphasizes the importance of 
protecting freshwater resources within the country. Moreover, many of the depressions that have 
allowed for freshwater to collect were a result of receding glaciers; and thus, if we contaminate 
our freshwater systems, or extract more than can replenished by natural processes, our 
‘abundant’ supplies of freshwater can be depleted.      
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The myth of water abundance can be attributed to the fact that Canada holds 
approximately seven percent of the world’s renewable supply of freshwater, but only 0.50 
percent of the world’s population (Warren, 2016; Klamar, 2015). Even though the Great Lakes 
constitute 18 to 20 percent of the available global freshwater, the annual rate of natural 
replenishment by precipitation and surface run-off is in fact less than one percent which 
constitutes the ‘renewable’ component of the Great Lakes (Environment Canada & Ontario 
Ministry of the Environment and Climate Change, 2014); thus, making the region susceptible to 
anthropogenic over-taking. Moreover, Canada’s water is not equally distributed, such that the 
majority of Canada’s population lives in the southern portion of the country (i.e., southern 
Ontario), but “60 percent of the country’s renewable water drains to the north,” and therefore 
access to water resources is limited (Klamar, 2016, para. 5). Canadians also do not realize that, 
globally, freshwater is a scare natural resource that is also becoming scarcer every day.    
The ‘myth of water abundance’ perceived by Canadians can also be viewed through 
statistics in municipal water use. Analyzing municipal water use in Canada compared to global 
trends is reflective of the general population; and thus, other sectors (i.e., industry and 
agriculture) have no influence on measuring how citizens of Canada perceive the abundance of 
water within the country. By this example, we can observe how Canadians (generally) view 
water as an abundant resource. For example, the overall volume of freshwater extracted and used 
for municipal use per capita in Canada is one of the highest when compared to other OECD 
countries (Canada’s Ecofiscal Commission, 2017). According to the World Health Organization, 
the average per capita requirement of water is within 50 to 100 liters per person/per day, to fulfill 
all basic human and residential needs (Howard & Bartram, 2003). The municipal water use in 
Ontario, Canada, as of 2013, is measured at 200 liters per person/per day (Statistics Canada, 
2013). Accordingly, the amount of municipal water consumption is two to four times greater in 
Ontario than what is required to fulfill all basic human and residential needs.  
Contributing to the high volumes of municipal water consumption in Ontario is also 
reflected in water pricing for municipalities; wherein water is exceptionally underpriced, and it is 
therefore an undervalued resource that lacks effective market pricing mechanisms (Wood, 2014). 
As shown in Figure 24, countries with lower water prices generally consume more water. 
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Various academic papers have also concluded that by underpricing water, both the value of the 
resource is overlooked and there is a failure of signaling the looming threats of water resources 
to users; thereby resulting in over-taking, wastage, and ultimately conflicts among users that is 
likely to worsen in future years (Renzetti, 2017, Bruneau et al., 2013). 
 
Figure 24: Municipal Water Consumption (liters per day per person) and Water Pricing 
(purchasing power parity) by Country (Source: Bruce et al., 2017) 
In addition to Canada’s overall highly consumptive municipal water use, industrial water-
taking in the country is predicated on the perception that Canada is in excess supply of water 
resources. For example, in 2009, industry was Canada’s largest water user, using 30.6 billion 
cubic meters (Conference Board of Canada, 2013). As many parts of the world are experiencing 
growing concerns of freshwater scarcity, Ontario is one such location that is considered to be a 
major “trade-friendly” location for water-dependent industries and agriculture (Rubin, 2017). 
Although water in bulk is not directly exported, its use in the production of goods (i.e., bottled 
water and agriculture) consume significant quantities of water (ibid). As a result, some 
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researchers suggest that “virtual water” embedded in these products is traded internationally to 
water-scarce countries (Debaere, 2014; Konikow & Kendy, 2005, 319), and it is estimated that 
about twenty percent of water consumption in the world relates to the production of export goods 
(Ercin et al., 2013). As global demand for these products is estimated to increase with growing 
human populations, a growing concern among the literature is that the pressure on domestic 
water resources will likely, and consequently, increase for regions (like Ontario) to be perceived 
as water-abundant (Debaere, 2014; Ercin et al., 2013).        
This perception is widely known in Canada; a country that is unanimously viewed as 
“water-rich” as it possesses 18 to 20 percent of the world’s surface freshwater and has many of 
the largest lakes and rivers (Environment and Climate Change Canada, 2013b). Canada’s 
supposed water abundance is more myth than reality, propagated by politicians and the media, 
which enables governments to ignore the need for water policy, water conservation, and efficient 
water pricing for all sectors (especially residential and industrial use, and underpricing water that 
contributes to Canadians’ perception of water abundance) (Schindler, 2006). Nonetheless, 
Canada’s water resources face a myriad of threats arising from population growth, urban 
expansion and land use change, natural resource-based developments, looming implications of 
climate change, a growing reliance on large-scale irrigation, industrial and commercial over-
taking of source water, surface water contamination, and a legacy of past laws and regulations 
that are unable to adequately address these new challenges. Many of these challenges have been 
illustrated throughout this paper. These challenges also indicate that the dependency on water for 
human survival should serve as a reminder to Canadians, and that the perception of water 
abundance in Canada can no longer be overlooked.       
Accordingly, to ensure the sustainability of Ontario’s limited stocks of freshwater 
resources, we must proactively manage and protect our water systems in all we do. This would 
mean that we must sufficiently value water for what it is and charge accordingly for its 
withdrawal and consumption. A change in how Canadian citizens view the availability of 
freshwater resources in Ontario must also be changed to improve overall water efficiency and 
sustainability at the municipal, provincial, and national scale. 
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5.11 Environmental Implications of Bill 108, More Homes, More Choice Act  
 Premier Doug Ford’s government has produced a long and extensively growing list of 
‘losers’ that have emerged since Doug Ford’s “open for business” proclamation when Ford 
attempted to “open the door to greenbelt development” through Bill 66, The Restoring Ontario’s 
Competitiveness Act (Winfield, 2019). According to Mark Winfield’s article, Doug Ford’s 
Ontario: Who Wins, and What Does it Mean for Ontario’s Future?, developers of urban sprawl 
in low-density built-up development on farmland is targeted by the Ford regime, and prior to 
Ford’s election as premier, comments were made by Ford about opening “a big chunk” of the 
protected Greenbelt of farms and forest land cover in the City of Toronto and other urban regions 
of southern Ontario to urban development (Winfield, 2019). In terms of the “open for business” 
campaign of the Ford Administration, and within the scope of this paper, the ‘losers’ are clearly 
the watersheds and sub-watersheds that encompass vital source waters and maintain valued 
freshwater ecosystems. Although Bill 66 did not pass its second reading, a new Bill surfaced; 
one that still promotes development of the Greenbelt and has substantial implications for 
environmental degradation.           
On June 6, 2019, the Government of Ontario passed comprehensive legislative changes to 
Ontario’s planning and development regime through Bill 108, More Homes, More Choice Act. 
The new legislation is centered on increasing affordable housing in Ontario, and it affects 13 
Acts and has several municipal implications. Confining these legislative changes to the scope of 
this paper, Bill 108 has enacted changes to the Conservation Authorities Act, Endangered 
Species Act, Environmental Assessment Act, Environmental Protection Act, and the Planning Act 
(Clark, 2019). Changes to the aforementioned Acts cannot be discussed in length, because the 
effects of these changes are largely unknown.        
Although the full effects of Bill 108 have yet to be seen, various law and real estate firms 
(i.e., Borden Ladner Gervais and Miller Thompson) and non-governmental organizations (i.e., 
Environmental Defence and Water Canada) have critically examined and dissected the 
legislative changes made by Bill 108, More Homes, More Choice Act. For example, Miller 
Thompson suggest that the new Bill “speeds up the process” of urban development by adjusting 
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many prohibitions stipulated in various Acts, including the Endangered Species Act and the 
Planning Act, by restricting the number of appeals that can be brought forth by third parties 
(Tang, 2019). Moreover, Environmental Defence and Water Canada suggest that Bill 108 fulfills 
most of the demands submitted by the Ontario Home Builders Association. For example, 
Environmental Defence describe some of the key changes contained within the legislation, which 
include the following: “i) Bill 108 will restore Ontario Municipal Board rules which allow 
override of planning decisions made by democratically elected municipal government; ii) Bill 
108 removes previous restrictions on urban boundary expansions meaning urban sprawl will 
again dominate new development; iii) Bill 108 proposes to amalgamate and cap development 
charges, depriving municipalities of needed funds for parks, community centres and libraries; iv) 
Bill 108 includes a new mechanism that will allow developers to pay a fee to avoid protecting 
the habitat of species-at-risk, and will allow for reduced protection if the species exists 
somewhere else in the world; [and] v) Bill 108 will reduce the scope of Conservation Authority 
activities and allow the Ministry of the Environment, Conservation and Parks to decide areas in 
watersheds that can be developed, which will enable urban sprawl development in natural areas” 
(Environmental Defence, 2019, para. 3). Each of these changes are anticipated to profoundly 
impact environmental protection of watersheds, freshwater ecosystems, water quality and 
quantity within the province.           
The details of source water protection (refer to Section 4.4) under the Clean Water Act 
clearly highlight the need for decentralization and collaboration of water management regimes to 
include the MECP, the MNRF, individual Conservation Authorities and localized municipalities 
to ensure clean and safe drinking water for Ontarians, in addition to assessing the state of aquatic 
ecosystems. For example, soon after the proclamation of the Clean Water Act, Source Protection 
Committees were developed; comprised of representatives from local municipalities for a “more 
diverse assessment of existing and potential threats to water sources,” that is vital to ensuring 
sustainable water use and for identifying various threats to aquatic ecosystems, watersheds and 
water resources. Moreover, the initiative was also added by Justice O’Connor’s 
recommendations following the Walkerton Inquiry as a proactive measure to ensure another 
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Walkerton incident does not reoccur (Ontario Ministry of the Environment and Climate Change, 
2014, 408).            
Bill 108, however, proposes to disassemble the collaboration of the aforementioned 
groups, and to instead reinstate centralized decision-making under the authority of the MECP 
(Environmental Defence, 2019, para. 3). The authoritarian decision-making process was noted in 
Part II of the Walkerton Inquiry as a contributing factor to the events at Walkerton to start with, 
and Justice O’Connor suggested that “to ensure that local considerations are fully taken into 
account…source protection planning should be done at a local (watershed) level…[and] 
conservation authorities should coordinate the plans’ local development,” and that once draft 
plans are developed at the watershed level they would then be subject to MOE approval 
(Lindgren, 2003, 14). It is therefore essential to include various stakeholders when developing 
source protection plans to ensure the highest degree of source water protection. The legislative 
changes made by Bill 108 seriously threaten the integrity of watershed protection, and ultimately 
source water protection within the province.  
Moreover, with reduced provincial funding to the MECP (refer to Section 5.2) it is likely 
that the Ministry cannot adequately allocate its resources to protect the most environmentally 
sensitive watersheds, and competently ensure the protection of watersheds that may be 
vulnerable to development activities. In effect, the results of these legislative changes are likely 
to roll back environmental protection of watersheds and their encompassing surface and 
groundwater resources.          
Furthermore, Bill 108 is predicated on expanding urban areas for new housing, 
particularly in protected areas such as the Greenbelt. In tandem with these development changes 
is the ability of Bill 108 to bypass stringent regulations in the Endangered Species Act, thus 
allowing urban developers to pay a fee to sidestep species listed as “endangered,” and to 
continue developing their habitat area (Environmental Defence, 2019; Shipowick & Butler, 
2019). For example, Subsection 9 (1) of the Endangered Species Act, 2007, currently sets out 
prohibitions that apply to a species once they are listed on the Species at Risk in Ontario as 
threatened or endangered. The new legislature changes subsection 9, giving the Minister (of the 
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Ministry of Municipal Affairs and Housing) the power to limit the prohibitions of developing in 
areas with endangered species in various ways (i.e., indicating that prohibitions may not apply, 
limiting to a geographic area where they apply, or if they only apply to the species at a certain 
stage of development) (Clark, 2019, ii). The result is centralized decision-making by the Minister 
without objection by a third party; thus, posing a considerable threat to endangered species.   
The implications of these legislative changes to various Acts are likely to be extreme. The 
sensitive habitat for these species is vital not only for that particular species, but also for 
maintaining the ecological functions of that particular ecosystem. As this paper has illustrated, 
urban development poses particular concerns to water quality and availability, in addition to 
aquatic species that depend on their respective forest cover and water systems. Further 
development into protected watersheds is likely to have a significant impact on the Greenbelt and 
other environmentally sensitive areas; although the extent of these impacts is largely unknown at 
this time. Some environmental groups, such as Environmental Defence, have taken proactive 
measures to inform the public of their opposition to Doug Ford’s “open for business” campaign 
(see Figure 25).            
When dealing with uncertainty, we must act in a proactive nature. An important 
recommendation made by Justice O’Connor following the events at Walkerton was that “the 
precautionary principle should be used as the basis for standard setting” (Lindgren, 2003, 18). 
Without certainty of how Bill 108 will impact the environment, we must be careful and highly 
critical of all development activities in the province’s protected watersheds. Subsequently this 
should involve more public awareness and scrutiny of particular developments. It is therefore 
important that as citizens of Ontario; we take action against Bill 108 and its environmental 
implications on degrading watersheds and their encompassing source waters and aquatic species. 
The recent introduction of Bill 108 to Ontario’s Provincial plan is likely to roll back 
environmental protection and facilitate urban sprawl at the request of developers; subsequently 
worsening the quality of environmental standards both in practice and in legislation. Although 
little is known about the full extent of the new legislation at this time, it is projected by various 
institutions to hinder Ontario’s progress in sustainable development (Environmental Defence, 
2019; Shipowick & Butler, 2019; Tang, 2019).   
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Figure 25: Anti-Bill 108 Sign Located on Highway 400 (Source: Environmental Defence, 2019) 
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6.0 DISCUSSION: INTERVIEW RESPONSES 
Ontario has what the rest of the world needs in terms of access to large volumes of 
freshwater. We have seen how the rest of the world has allowed deterioration of its freshwater 
environments, yet we are allowing similar human activities to occur right under our noses here in 
southern Ontario. Increased human pressures on our water resources, in conjunction with the 
‘myth of water abundance’ that continues to persist in Ontario (and Canada as a whole), is cause 
for concern regarding the sustainable use and management of this valuable resource. 
Undoubtedly, there are a variety of comprehensive policies in place to protect and sustain our 
water resources in the province; many of which represent some of the best legislations compared 
to the rest of the world. However, there are a variety of data gaps and loopholes in current 
practice and legislation that need to be addressed to better protect the province’s water resources. 
This is particularly true given the projections of uncertain freshwater availability under various 
greenhouse gas scenarios within southern Ontario, in addition to uncertain climate change 
impacts around much of the world.          
Four members of a diverse group of environmental professionals were interviewed (by 
myself, the researcher) for the purposes of this paper (see “Primary Source Materials” under 
“References” on page 141). The open-ended questionnaire used as a baseline for the interviews 
can be found in the Appendices, along with the Informed Consent Form that was sent to each of 
the interviewees. The participants provided many diverse perspectives on where they believe 
Ontario’s water management regimes are in terms of the quality of source water protection and 
water management initiatives. A common theme among the participants is that the Clean Water 
Act sets out an effective framework for protecting safe and clean municipal drinking water 
sources, but there remains a variety of issues in maintaining the integrity of the Clean Water Act 
and various other water management initiatives within the province. In response to Question 1 of 
the questionnaire, Interviewees 1-4 all acknowledged major improvements made in drinking 
water protection in Ontario since the Walkerton tragedy in 2000. However, Interviewees 3 and 4 
both emphasized weak policy surrounding the Permit to Take Water (PTTW) program as a 
contemporary issue. For example, Interviewee 3 responded with “the permit to take water 
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program represents a win for bottled water companies; the permits are woefully inadequate 
where they extract water for pennies on the dollar, although they pay more for water now than 
they used to, it [water] remains an extremely undervalued and thus insignificant resource.” 
Furthermore, Interviewee 4 responded with “the government has not completed a proper 
inventory of freshwater resources in decades, and thus do not know where the resources are that 
they need to protect,” continuing to say, “this is exampled by the number of bottled water 
companies that continue to withdraw significant volumes of fresh clean groundwater that belongs 
to the people of Ontario.” The implications of the responses from both Interviewees 3 and 4 
indicate that there is a need to update legislation to address, in particular, the industrial and 
commercial permit holders for bottled water extraction.       
When I asked participants about their views on the general public’s understanding of 
issues in maintaining southern Ontario’s freshwater sources, Interviewees 1-4 all agreed that the 
public do not understand enough, wherein Interviewee 1 replied with “Water issues appear to be 
more restricted to those directly involved, such as members of the Ministry [MECP] or 
independent researchers,” and Interviewees 2 and 3 shared the belief that most people simply 
accept the fact that they turn on the tap and water is there, and that they are not paying much for 
it. Interviewee 4 responded by saying “the public only know what they are told by their 
government and the media…as such, the people don’t know the emerging crisis…they probably 
don’t even know about the damage bottled water companies are doing, otherwise they might 
actually stop buying water bottles.” Interviewee 3 also shared insight into inadequate media 
coverage of First Nations, saying that “Many First Nations communities don’t have access to 
clean drinking water in Ontario, which is criminal in today’s world,” continuing to say, “the 
public also do not understand groundwater since it can’t be seen, which is another reason for 
why it is taken for granted.” The hidden nature of groundwater poses a particular challenge to 
sufficiently managing our groundwater resources. Unlike surface water sources that can be seen 
and used recreationally, groundwater is generally uncommonly seen among the public due to its 
subsurface characteristics (i.e., several feet below Earth’s surface).     
 
MES Major Paper  
Freshwater Scarcity: The Current Situation in Southern Ontario  Page 98 
 
 
 
Andrew Watters  
York University July 2019 
In terms of raising awareness of freshwater issues in Ontario, and when I asked 
participants who should ultimately be responsible for relaying current and emerging threats to 
the province’s water sources to the public, Interviewee 1 responded with “It is [and should 
remain] the government’s responsibility to clearly outline current and future threats to our water 
resources. I think the government could simply make anniversary announcements of events that 
took place, such as Walkerton or Hagersville fire that impacted groundwater quality.” The events 
at Walkerton represented a generational shift in how Ontario views its source water, and 
anniversary announcements of the crisis that occurred in May 2000, may serve as a reminder of 
what could happen if we do not properly and proactively manage our water resources. 
Interviewees 3 and 4 had a similar response to Interviewee 1. For example, Interviewee 4 said 
that “it should be the elected officials that have been given the job to look after existing and 
future generations of their people…if they are not advising the people of the crisis…they are not 
doing their job,” and Interviewee 3 responded with “the media or the government is not doing 
their job. The media tends to be reactionary, so it should be the responsibility of the government 
and NGOs to keep these issues at the forefront of public awareness.” Interviewee 3 also 
suggested that NGOs should have a role in relaying water resource threats to the public, whereas 
Interviewee 2 replied with “Raising awareness needs to be coupled with tangible actions and 
outcomes. We need to find ways to motivate people to change their behaviors to overcome the 
challenge of cognitive dissonance,” continuing to say “I think much greater impact can be 
achieved by changing industrial practices, which will require targeted messages and newer 
policies.” Interestingly, Interviewee 2 goes beyond public awareness and hones in on the 
challenge of changing the behaviors that are ultimately at the root of current and emerging 
threats to our water sources (i.e., climate change, urbanization, material consumption, water 
over-consumption and over-taking, etc.). Our behaviors and mindset of how freshwater is viewed 
in Ontario may be an underlying factor for why human pressures continue to threaten our water 
sources.    
When I asked the participants if they believe adequate legislation is in place for 
protecting source water in Ontario, Interviewees 1, 2 and 3 commonly agreed that the legislative 
framework is there and is comprehensive. However, Interviewee 4 responded with “Provincial 
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legislation is outdated and thus does not incorporate current issues. Micro-plastics is an example, 
where their introduction was not contemplated when existing legislation was enacted. Further, 
some legislation, such as the Clean Water Act, was a knee-jerk response to a tragic issue 
[Walkerton] and [the Act] requires updates.” Interestingly, Interviewee 4 had a radically different 
response from the others, such that the person disagrees that current legislation is adequate to 
address emerging source water issues within Ontario. More importantly, Interviewee 4 stressed 
that the Clean Water Act was a “knee-jerk response” to Walkerton; and in terms of being more 
proactive than reactionary, perhaps an update in current legislation may be required to address 
emerging threats to our water resources before reactionary measures are required.     
When I asked participants if they think legislation is being appropriately enforced by the 
government, the responses varied between “yes” and “no”. However, all Interviewees (1-4) 
addressed significant concerns over the enforcement capacity of the province. For example, 
Interviewee 1 responded with “government funding [for the MECP] has always lacked and 
continues to be reduced. The permit to take water program has many wondering whether the 
government is actually enforcing the regulations, retrieving the fees owed to the government and 
to its citizens, and monitoring how much water is actually taken from the environment.” 
Furthermore, Interviewee 2 replied with “the key for me is in implementation, and I look forward 
to seeing how well source protection plans are implemented over the next few years.” 
Interviewees 3 and 4 both shared “yes” and “no” responses to my question. For example, 
Interviewee 4 replied with “yes, but only in rare cases where the abuse has been obvious and 
significant. The watchdogs of freshwater in the province [MECP] are short-staffed and their 
budgets get cut regularly…so they really have to be reactive rather than proactive, meaning they 
only have staff to respond to big issues.” Additionally, Interviewee 3 coincides with the 
participant views of Interviewee 4 in saying that “generally yes, the enforcement is there, but 
there is no question that enforcement is not nearly as robust as it should be. The larger 
municipalities, such as in the GTA, do a great job at enforcing strict regulations. The smaller 
municipalities [however] are much less able to adequately provide training, maintenance and 
performance. The provincial budget [for the MECP] is less than one-third of one percent. 
Increasing the [current] budget will make the agency more proactive and enforce a much broader 
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and more responsible regime of policy.” There is a common agreement among the participants 
that the enforcement capacity (particularly in smaller municipalities outside the GTA) is 
generally very weak, and as a result the smaller municipalities are easily targeted by industries 
(i.e., bottled water) as a consequence to the lack of enforcement of government regulation in 
these areas.        
Further, I asked participants if they think wastewater treatment plants (WWTPs) are 
adequate and sufficient, in addition to their views on micro-plastics in source water (and drinking 
water supply) in the Great Lakes (in particular). Interviewee 1 implied slight concerns over 
micro-plastics in drinking supply systems, Interviewee 3 implied that they are not too concerned, 
whereas Interviewees 2 and 4 were strongly concerned with micro-plastics. For example, 
Interviewee 1 said “I am a little concerned [with micro-plastics] because of their potential to 
enter drinking water supply systems. I think they [WWTPs] can do more; the compliance list can 
include more parameters and they can upgrade their systems to micro-filtrate.” Interviewee 3 
responded with “I think the current treatment is very good, and WWTPs do this very well. I am 
not particularly concerned with micro-plastics [in our drinking water supply], I have yet to see if 
they are a legitimate threat, but I don’t think the science is there yet to have a sound 
understanding of its impacts. I do think it needs to be further explored before jumping to 
conclusions.” On the contrary, Interviewee 2 responded to my question by saying “Yes, I am 
concerned about micro-plastics in our water supply, as well as [in] our food. I don’t think our 
wastewater treatment plants, which have been designed and built many years ago, are capable of 
removing novel materials such as micro-plastics.” Interviewee 2 was not the only participant to 
view WWTPs as being outdated, wherein Interviewee 4 responded to my question by saying 
“Our wastewater treatment plants were designed to old technology…there are many impurities 
such as pharmaceuticals and micro-plastics that were never contemplated when the plants were 
designed and thus are not treated…so they pass right through to the natural environment and/or 
drinking water.” The diverse responses to this question demonstrate just how emerging of a 
threat micro-plastics are for our water sources and ultimately our drinking water supply. The 
Interviewees conveyed an incremental change from “not concerned” to “very concerned,” thus 
indicating a need for further research into micro-plastics contamination; both in our water 
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sources and in our drinking supply. The results from participant interviews indicate that more 
studies and legislative provisions to micro-plastics and micro-debris in WWTPs may be required. 
Moreover, recent studies have already shown that there are insufficient policies in place to 
prevent micro-plastics from entering drinking water supply in WWTPs (i.e., WWTPs are not 
required by legislation to filter micro-plastics in Ontario) (Driedger et al., 2015; Eriksen et al., 
2014). Evidently, further research into micro-plastics and the capabilities of WWTPs to filter 
these particles requires further research.         
I also asked the Interviewees how knowledgeable we are (generally) about the science of 
the hydrologic cycle. The purpose behind this question was to see how environmental 
professionals view our knowledge on the hydrologic connectivity between surface and 
groundwater, and whether we understand enough about how the water cycle affects the 
availability of water and at different times of the year (i.e., at times of high or low precipitation). 
Moreover, delving deeper into hydrologic functions, the purpose behind my question was to see 
if we know enough about the hydrologic cycle to prepare us for future climate changes. The 
responses varied from “we do not know enough” to “yes we have a good understanding.” For 
example, Interviewee 1 replied with “No, I think they make the hydrologic cycle seem simpler 
than it really is. After all, meteorologists can barely predict tomorrow’s weather.” I found the last 
part of this quote to be very interesting. Even with today’s technologies and knowledge of the 
hydrologic cycle, there is always the possibility that the integrity of the water cycle can be 
compromised by climate instability, thus making predictions for future water availability (i.e., 
rate and volume) much more difficult. This is especially true when an industry-driven economy 
withdraws significant amounts of water that is not returned to the local watershed (i.e., bottled 
water), despite the onset of drought. With that said, Interviewee 2 replied to this question with “I 
think we do know a lot, but we certainly do not know everything. But with what we do know 
about the hydrologic cycle and drinking water threats, we can apply that knowledge to protect 
the quantity and quality of our drinking water sources. With what we don’t know, we may wish 
to act cautiously and exercise the principle of precaution. I would say climate change is one of 
those unknowns, especially on how climate change can impact the quantity and quality [of] local 
surface water and groundwater.” Additionally, Interviewee 4 expressed both “yes” and “no” 
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responses, saying that “yes because the science of the hydrologic cycle has been well known for 
several decades, but no because we don’t know how climate change will change this. Also, no 
because true sustainability means that we should be taking only what can be replaced by 
nature…we don’t have current research on how much water can be taken and what rates it gets 
replenished.” Thus, Interviewees 2 and 4 share similar thoughts on our understanding of the 
hydrologic cycle, and particularly how we do not adequately understand how climate change is 
likely to impact hydrologic functions. However, Interviewee 3 had a different perspective, saying 
that “yes I think Ontario has a good base understanding of the hydrologic cycle; we know a lot 
about our surface water sources and different soil types are relatively well understood, and we 
have also mapped most of the largest aquifers within the province.” General consensus among 
the participants is that the hydrologic cycle; currently, is well understood. However, there are 
concerns among a few participants reflecting our inability to fully understand how climate 
change will impact hydrologic processes within the province. Thus, there is a need for further 
research into the potential effects of climate change on our water resources, ultimately affecting 
water availability for future withdrawal and consumption.   
When I asked participants which water sources they think are most threatened and/or 
vulnerable within southern Ontario, some responses were more general (i.e., Interviewee 1 said 
“all of them are threatened due to climate change impacts, and continued pollution and 
groundwater withdrawal”), and Interviewee 4 coincides with the response from Interviewee 1, 
saying that “Drinking supplies are under threat and [are] vulnerable from so many different 
sources because nobody is paying attention to the many issues.” Furthermore, Interviewee 3 was 
more specific in saying that “Small municipality aquifers are the most at risk; the large ones 
[municipalities] have robust water treatments, [but] the smaller aquifers are more susceptible to 
contamination and over-extraction. More so than surface waters, groundwater systems are most 
threatened by [water level] drawdowns by bottled water corporations, and we need to be more 
careful with industrial water extraction. In some areas the recharge rate is very slow, and in other 
areas such as near the Great Lakes, are quickly recharged.”       
I also asked the participants about their knowledge of illegal soil dumping in the ORM, 
and if they were at all concerned about the potential impacts on the reported contaminated soil 
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dumping activities. Interviewee 2 replied that they were unaware that this was happening in the 
ORM but did mention that “illegal dumping has [sadly] been a perennial problem.” However, 
Interviewees 1, 3 and 4 indicated that they were all aware of the issue. Interviewee 1, for 
example, responded with “Yes I have been aware of the dumping and I am not surprised by your 
question. However, I am surprised that it continues to happen. We have yet to see the impacts of 
this dumping. Maybe we’ll see them tomorrow, or maybe we’ll see them in 10 years. This is why 
I think it is an ongoing process.” Interviewee 1 indicates that the dumping of contaminated soil 
in the ORM continues to occur because we have yet to see the effects, whereas Interviewee 3 
replied to my question with “Yes this [dumping] doesn’t surprise me at all. There is well-
entrenched Brownfield policy in the province that strictly regulates where soil from development 
sites can go. Again, the enforcement of these regulations is very weak and comes back to the 
[lack of] funding for the Ministry [MECP]. There is of course the potential for contaminants to 
leak into the Moraine [ORM] if the liners are not properly containing the soil material, or if there 
are fractures in the limestone. We do need to be more responsible about the dumping, especially 
in such an environmentally sensitive area.” Given the ecological significance of the ORM, it is 
surprising that the lack of enforcement on the regulations designed to protect the ORM persists 
as a current issue; one that ultimately needs to be addressed more critically. Furthermore, 
Interviewee 4 responded to my question with “This is illegal and should not be occurring. 
However, it does not surprise me…the Ministry [MECP] has very few staff available to watch 
for these things. Perhaps a hot line would be a good idea so that the general public can inform the 
Ministry if they see things [like the dumping] happening. But, first we have to inform the general 
public what is good and what is bad. They can’t call the hot line to report illegal dumping unless 
they know that this is wrong.” Interviewee 4 provided a potential solution to the problem. As this 
paper has illustrated, the neighboring residences in the ORM were the first to report the illegal 
dumping based on “bad odours” in areas where contaminated soil dumping occurred (Welsh, 
2014). It should not be the public’s responsibility to discover the illegal dumping. In the case that 
this does happen; however, the public should be better informed of what is good and what is bad 
for soil dumping, and can therefore act as the ‘watchdogs’ at times when the Ministry (MECP) 
cannot adequately do its part because of its continuous budget cuts.      
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The legislative changes brought forth by the Government of Ontario in Bill 108, first 
introduced on May 2, 2019 (City of Toronto, 2019), were also consulted with the various 
participants. Interviewees 1 and 3 were unfamiliar with the new legislation, whereas 
Interviewees 2 and 4 had some knowledge of Bill 108 and demonstrated concerns with its 
environmental implications. For example, Interviewee 2 replied with “I am concerned with Bill 
108 because of its sweeping changes to the planning process. It remains to be seen how these 
changes will be implemented and what impacts they will actually have.” In addition to the 
concerns of Interviewee 2, my question on the new legislation prompted a political perspective 
by Interviewee 4 to say that “Yes [I am concerned], electing Doug Ford, given his lack of care 
for the environment, means that the public that elected him has no idea of what he is like or that 
we have any environmental issues. That Bill will have significant implications for the 
environment…Mother Earth is definitely the loser from that Bill.” Interviewee 4 demonstrated a 
dismay for the premier of Ontario, in addition to the lack of environmental support from the 
public that contributed to the new legislation by voting in Doug Ford by majority in the latest 
provincial political election. More importantly, Interviewee 4 targeted the public who ultimately 
voted in the premier of Ontario; thus, tying into the behaviors of the general public (discussed in 
Question 2) in demonstrating the lack of public awareness of environmental issues.  
Overall, the interviews were pivotal in generating many aspects of my research. Going 
beyond the context of the questionnaire, several of the participants addressed many areas of 
concern, such as federal contaminated sites in the GTA, reductions in government funding to 
provincial environmental ministries, urban expansion, the myth of water abundance, and 
groundwater over-taking (particularly in smaller municipalities with less government 
enforcement). As a result of my discussions with various environmental professionals, many of 
their comments have been brought forth by this paper to represent some of the most current and 
emerging threats to water resources in southern Ontario.  
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7.0 CONCLUSIONS AND FUTURE STUDY 
Water is both a unique and scarce natural resource that is vital for human and ecological 
survival. However, as this paper has illustrated, freshwater environments are some of the most 
threatened ecosystems in the world. Surface and groundwater systems are exposed to increasing 
and unprecedented threats from anthropogenic stressors that degrade water quality and reduce 
water availability (Veldkamp et al., 2016; Faunt et al., 2015). Although the causes of these 
threats are often known, this knowledge has done little to mitigate or eliminate these threats, and 
it is commonly accepted amongst researchers that, if the degradation of freshwater ecosystems 
continues to persist at the current rate, the opportunity to protect and conserve these systems may 
vanish along with many of the species that depend on them (Garda et al., 2017; Gleeson et al., 
2017).              
Given the looming threat of uncertain global supply, deteriorating water quality and 
increasing demand, sustainable water management should become a primary global objective. 
This is emphasized through the United Nations Sustainable Development Goal 6, which 
identifies access to safe and clean freshwater as a basic human right (United Nations, 2018). In 
Ontario, over the years sustainable and efficient water use has been resonated in a variety of 
policy and regulatory frameworks, such as the Clean Water Act and its robust source water 
protection initiative. Similar comprehensive legislation is most often not available or poorly 
implemented in many areas around the world. However, much can be learned from increased 
global water scarcity and depleting groundwater reserves and its conjunctive surface water 
levels. Ontario has the opportunity to become a global leader in sustainable water management.   
Despite Ontario’s copious legislative progression in protecting water at its source to 
ensure a sustainable supply of potable water, there remains a significant number of threats to the 
province’s water sources. Namely, these threats include MECP budget cuts, urban expansion and 
land use change, micro-plastic contamination, groundwater over-exploitation, contaminated 
water supply on First Nations reserves, looming climate change threats, public fallacies of water 
abundance, under-valued and underpriced water resources, and emerging provincial-wide 
policies that threaten watersheds and their encompassing source waters and ecosystems. We now 
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know that there are various threats to protecting source water in southern Ontario, and we need 
to better understand the natural resource in our watersheds (and sub-watersheds) to account for 
new and emerging threats to water quality and quantity. We must be proactive in land use and 
water management decision-making to avoid another Walkerton tragedy, and we need the public 
to be more aware of how valuable freshwater is in terms of ensuring the future survival of 
humanity and the earth.            
The Government of Ontario does not have the money (and funding) to adequately test 
and monitor all of its extensive water systems. Moreover, budget cuts to the MECP hinder the 
governments’ ability to enforce the variety of legislations designed to ensure the long-term 
protection of the environment. Through population growth and urban expansion, we have altered 
the natural ecosystems of southern Ontario by introducing impervious surfaces that are known to 
degrade watersheds and their encompassing surface and groundwater systems. Further, coupled 
with urban sprawl is an increase in urban-sourced pollutants that ultimately enter surface and 
groundwater networks in the GTA; thus, even further compromising water quality. We must act 
carefully and critically in making land use decisions, such that we ensure the remaining water 
resources are unimpaired by impending urban sprawl and increased built-up areas.  
With the approval of the provincial government, Ontario is allowing bottled water 
companies to extract groundwater at little to no cost and in times of drought. This is particularly 
worrisome provided that we know this water is not returned to the local watershed, we know that 
water-bottling is strictly for-profit, we know that recharge rates of aquifers can be very slow, and 
we also know that over-taking groundwater can result in permanent depletion. It is therefore 
imperative that we establish a more comprehensive and critical assessment of the Permit to Take 
Water program in the province, and we need to adequately price water for its true value; that is, a 
scare natural resource that is growing scarcer every day.       
This paper has illustrated that it is necessary to extract water for human sustenance and 
for economic growth; however, it is equally necessary that we understand the rate at which water 
is recycled through the hydrologic cycle to ensure that the amount withdrawn is at an 
equilibrium. For humans to use water sustainably, we must maintain this equilibrium while 
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conjunctively ensuring that the water needs of today are fulfilled without compromising the 
water needs of future generations.         
We need to better understand the impacts of micro-plastics on freshwater ecosystems and 
their ability to enter drinking water supply post-treatment at wastewater treatment plants. We 
need updated scientific studies and new policies to address the occurrence and impacts of micro-
plastics in the Great Lakes and ultimately in our drinking supply. We must also conduct more 
studies into potential climate change impacts on the hydrologic cycle within southern Ontario 
and better prepare for future climate scenarios. Climate change is a significant threat to the 
province’s supply of freshwater that is likely to hinder the future availability of water resources 
for withdrawal and consumption; concerns of which are already an occurrence within the 
province (e.g., during the drier months).        
Moreover, as this paper has illustrated, and as outlined through the Walkerton example, 
we must act in a proactive nature to ensure sustainable water use in the province. Acting after-
the-fact is significantly more consequential and incompetent compared with proactive measures. 
The consequences of this are reflected through the example of Walkerton, and in many other 
areas around the world that are impacted with source water contamination and deterioration. For 
this reason, watershed protection must address the interconnection of hydrologic processes, 
water use trends, and land use planning. Any activity that has the potential to impact water 
quality and quantity in southern Ontario (i.e., permits to take water) should require careful 
attention and close scrutiny. The intersection between land use management and water 
management should be clearly outlined and understood if the principles of sustainable 
development are to be preserved for current and future generations of Ontarians.  
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8.0 LIMITATIONS OF RESEARCH 
Despite the opportunities afforded by this Major Paper, I acknowledge that there are 
various limitations to the research. The first and foremost is the number of participants involved 
in the research. The participants shared insightful experiences and knowledge on source water 
protection in Ontario, but there is a need to better understand the perceptions and experiences of 
a more diverse group of professionals to delve deeper into the underlying issues of sustaining the 
quality and quantity of Ontario’s water resources for potable supply. Interviews with private, 
public, government, non-governmental, and scientific institutions will likely produce a more 
detailed understanding of the issues and challenges of protecting Ontario’s sources of freshwater. 
Further, interviews across a wider range of professionals, such as biologists, hydrologists, 
geologists, economists, politicians, engineers, and many other related occupations can help to 
better assess the issues in more detail and work equitably to develop viable solutions. Interviews 
with the public may also provide valuable insight into the issues and challenges of maintaining 
safe and clean drinking water, and the public can be engaged to uncover more on the ‘myth of 
water abundance’ that continues to persist within Ontario (and Canada as a whole).   
My original intention for this research was to also visit areas in southern Ontario that are 
impacted by groundwater over-taking (i.e., Township of Centre Wellington, Aberfoyle, and 
Arkell), and other issues of protecting water at its source (i.e., if allowed access, visit WWTPs 
and observe plastics around Lake Ontario, and potentially micro-plastics in wastewater effluent). 
Time constraints for the paper and physical constraints due to a recent surgery prohibited site 
visits and the opportunity to obtain a more in-depth understanding of the occurrence and 
emergence of source water issues across southern Ontario.     
Second, a more in-depth overview of source water depletion at local, provincial/state, 
national, and global scales is limited by the time and space afforded for this paper. Detailed 
historical accounts of source water depletion in Ontario would allow us to identify points of 
progression or regression in the province’s history of managing its source water supplies. These 
historical trends are not limited to southern Ontario and they can also be reviewed in nations 
around the world. Understanding how different countries react to freshwater depletion or 
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contamination will likely help us to identify the underlying impacts and responses, and they can 
help shape a global framework for legislative responses to these issues (i.e., an international 
guideline for addressing freshwater issues). Although solutions are likely to vary for any given 
municipality, province/state or country, an historical dataset of past cases and their 
legislative/reactionary responses is likely to provide at least some baseline information that can 
be relatable or useful in the event of source water depletion or deterioration. Moreover, the 
complexities of ecosystem interactions and interconnectedness were not included in this paper 
despite a brief overview. A more in-depth analysis of complex ecosystem interconnectedness 
will likely provide a more informed understanding of the complexities of the deteriorating water 
availability and quality that affect more than just human populations.      
This Major Paper is not only important for the discussion of resource management and 
ecosystem services in southern Ontario, but it is also relevant because of contemporary global 
concerns over declining freshwater availability; particularly in consideration of the unforeseen 
and uncertain impacts of global climate change on our freshwater resources. As this paper has 
emphasized, the world can no longer afford to ignore the significant and widespread 
deterioration and depletion of freshwater resources and ecosystems. Growing concerns over the 
future quality and quantity of freshwater will remain a significant global environmental issue, 
especially as concerns of climate change are likely to exacerbate the many existing human 
pressures on water resources. Only when we follow the path to take proactive and preventative 
measures, as opposed to reactionary measures (e.g., remediation or compensation) will the 
Province of Ontario serve as an example to the rest of the world in creating a more sustainable 
regime for water management.  
Ontario, evidently, has the capacity to be a global leader in water resource management. 
Current legislation and policy within the province represent some of the best in the world, but the 
enforcement capacity of the MECP is weakened by persistent reductions in provincial funding; 
therefore, weakening the integrity of legislation. There are endless opportunities for the province 
to demonstrate its global leadership in freshwater management through competent enforcement, 
practice, environmental planning (i.e., land use and watershed planning), valuing water for what 
it is (i.e., a scarce natural resource), and increased public awareness of these issues. For this 
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reason, Ontarians and Canadians can no longer overlook the abundance of water in Canada. We 
must change our views on the availability of freshwater that is at the foundation of our very 
existence. Accordingly, this means a renewed appreciation for freshwater and its contributions to 
sustaining life. If we maintain on our current course, the impacts of freshwater depletion will 
likely be catastrophic and irreversible, and freshwater will not be in the quantity needed to serve 
the world’s growing human populations and economies. Nor will freshwater be able to sustain 
the many species that rely on this valuable resource for their very existence. 
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Primary Source Materials: Interviews  
Interviewee 1: Anonymous. Senior Environmental Field Technician at a Private Environmental 
Consulting Firm. May 18, 2019. Interview conducted via email. 
Interviewee 2: Lam, Sharon. Project Coordinator at Toronto and Region Conservation Authority. 
June 21, 2019. Interview conducted via email. 
Interviewee 3: Anonymous. Manager and Assistant Director at Ontario Ministry of the 
Environment, Conservation and Parks. May 29, 2019. Interview conducted via telephone. 
Interviewee 4: Anonymous. President and Chief Executive Officer at a Private Environmental 
Consulting Firm. June 1, 2019. Interview conducted via email.  
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APPENDIX A: SAMPLE QUESTIONS FOR INTERVIEWS 
1. In your opinion, is the Government of Ontario doing enough to protect our drinking water
 resources? Please explain. 
2. Do you think the public understand enough about the severity of the deterioration of our
 drinking water supply? Please explain. 
3. Do you feel that the media is doing enough to raise awareness of the deterioration of our
 water supply? Who do you think should be responsible to inform the public of this
 situation (i.e., government, independent researchers, media, non-governmental
 organizations, etc.)?  
4. Do you think we have appropriate legislation to protect our supply of drinking water? 
5. Is this legislation being enforced? 
6. Do you believe that wastewater treatment is sufficiently purifying our drinking water
 supply? Are you concerned about micro-plastics in our water supply? 
7. Do you think we know enough about the science of drinking water (and the hydrologic
 cycle) to protect the resource in a sustainable way? 
8. In your opinion, which water sources are most threatened and/or vulnerable in southern
 Ontario? Please explain. 
9. Are you aware that contaminated soil from industrial sites in the Greater Toronto Area
 are being dumped into old gravel pits on the Oak Ridges Moraine? 
10. Are you concerned with the newly introduced Bill 108 by the Ford Administration?
 Please explain. 
11. Is there anything not discussed that you would like to bring forward?  
12. Is there anyone you would recommend that I speak to about source water protection in
 southern Ontario? If so, please provide their contact information. 
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APPENDIX B: INFORMED CONSENT FORM 
Date: February 19, 2019 
Name of Participant: _______________________ 
Research Name: Source Water Protection in Southern Ontario 
Researcher: Andrew Watters 
Purpose of the Research:  
The purpose of this research is to solicit feedback about Ontario’s management of its clean 
drinking supply in order to address contemporary and emerging issues and to make the program 
more effective. Completing this interview will take approximately thirty minutes to one hour. 
There are no known risks associated with this study and your anonymity will be secured. This 
research like all MES Major Research will be published in YorkSpace and may be published on 
the FES website if nominated for the Outstanding Paper Series. This research is part of my MES 
Major Research. 
What You Will Be Asked to Do in the Research:  
Participants are expected to provide a response, to the best of their knowledge, to specific 
questions asked of them either through an email questionnaire or via phone call. The estimated 
time commitment is thirty minutes to one hour. Questions will solicit information about your role 
and involvement within your institution, your general knowledge/views of clean drinking water 
management and sustainability within southern Ontario, and your willingness to participate in 
enhancing the program. Questions will allow for open-ended responses.  
Voluntary Participation:  
Your participation in the study is completely voluntary and you may choose to stop participating 
at any time.  You should not feel obliged to answer any material that you find objectionable or 
that makes you feel uncomfortable. Your decision not to volunteer will not influence the nature 
of any relationship you may have with the researcher(s), study staff, or York University, either 
now or in the future.  
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Legal Rights and Signatures: 
 I, __________________, consent to participate in an evaluation of source water protection in 
southern Ontario conducted by Andrew Watters. I understand the nature of this study and wish to 
participate. I am not waiving any of my legal rights by signing this form.  My signature below 
indicates my consent. 
- I agree that my participation may be audio-recorded:   Yes _______ No _______ 
- I agree to be identified by name:   Yes ________ No ________ 
- I agree to be quoted by name:       Yes ________ No ________ 
- I would like to receive a copy of the final research paper, at the following email address: 
__________________________________________________________________________ 
- I agree to allow video and/or audio, digital images or photographs in which I appear to be 
used in teaching, academic presentations and/or publications based on this research. I am 
aware that I may withdraw this consent at any time without penalty. Yes ____ No ____ 
________________________________________                __________________________ 
Participant Signature      Date 
________________________________________               __________________________ 
Researcher Signature      Date 
 
Risks and Discomforts:  
We do not foresee any risks or discomfort resulting from your participation in the research.  You 
have the right to not answer any particular questions. 
Withdrawal from the Study:   
You can stop participating in the study at any time, for any reason, if you so decide. Your 
decision to stop participating, or to refuse to answer particular questions, will not affect your 
relationship with the researchers, York University, or any other group associated with this 
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project. If you withdraw from the study, all associated data collected will be immediately 
destroyed wherever possible. 
Confidentiality:  
Unless you specifically give your permission by checking the boxes above, all personal 
information you supply (i.e., name and contact) during the research will be held in confidence 
and your name will not appear in any report or publication of the research. Data will be collected 
via audio recording, hand-written notes, or through your email responses to the questionnaire. 
Your data will be safely stored on a hard drive in a locked facility and only research staff will 
have access to this information. The data will be retained for a period of two years. The 
recordings, transcript, and questionnaire responses will be safely stored in a password protected 
hard drive until April 1, 2021 and deleted after this date. Confidentiality will be provided to the 
fullest extent possible by law. 
Questions about the Research?   
If you have questions about the research in general or about your role in the study, please feel 
free to contact my Supervisor, Peter Mulvihill, either by telephone at (416) 736-5252, or by e-
mail (prm@yorku.ca). This research has been reviewed and approved by the FES Research 
Committee, on behalf of York University, and conforms to the standards of the Canadian Tri-
Council Research Ethics guidelines. If you have any questions about this process, or about your 
rights as a participant in the study, please contact the Office of Research Ethics, telephone (416) 
736-5914 or e-mail ore@yorku.ca. 
 
 
